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Plates)); or pins or combs made from similar materials comprising beads or flat surface, 
beads placed into pits in flat surfaces such as wafers (e.g. silicon wafers) " 

Immobmzation can be accomplished, for example, based on hybridization 
between a capture nucleic acid Seq uence, which has already been , Z 

support and a complementary nucleic acid sequence, which is also contained within the 

TZ^T ^ containing nucIeic acid sequence * be otTL 

So that hybndizatzon between the complementary nucleic acid molecules is not h s L 
the support, the capture nucleic acid can include a spacer reg ion rt^Z^ * 
nuc eoudes » length between the solid support and the capture nucleic acid L q ue nce The 

oZnt-^o, H baSe ^ Uence ^ ^ presented through rlral 

ohgonbo- or ohgodeoxynbonucleotide as ^veft'as analogs (e g: thio^modified • " . 

rPNAatalT 7 ^ " """^ 0, »oti d e mimetics such 

^PNA a nalogs( S eee. g .N 1 elsen^./.,Scie^, 25 4, 1 497 ( 1 99 1 )) which render the base 
^uence less susceptible to enzymatic degnuiation and hence increases overall J££ of 
the solid support-bound capture base sequence. «aoimy ot 

Alternatively, a target detection site can be directly linked to * 

mo^iTT c m h ? appropria,e « °° - <~£r 

mass sp^rxomeay (. e., a photocleavable bond such as a charge mmsfer complex or a labile 

surface of the sohd support cames negative charges which repel the negatively charged 

**~ ^ — «* ^-is byaZsl 

spectrometer. Desorpfon can occur either by the heat created by the laser pulse and/or 

,,h ■ „ , ^ ° f<!Xan,I " e - m<: L - L ' rteraisrry canoe of a type of disulfide bond 
(chemically cleavab.e. for example, by mercaptoethanol or dithioeryLl) a 
Wsuepuvidin system a heterobifunctiona. derivative of a trity, ether group (Koster ., 
T LC A^-Labtle Lmker for Modification of Synthetic Biomolecules » 

J^U^S ^ 7095 (1990)) which can be cleaved under mi.d,y acidic conditions 

TeuC cl^i 'T f "-T- » '^"^ *™P cieavable under almost 

neuoai condmons w,th a hydraSnium/acetate buffer, a. arginine-arginine or lysine-lysine 
bond cleavab.e by an endopeptidase enzyme .ixe trypsin or a pyrophosphate bond cllable 
by a pyrophosphatase, or a ribonucleotide bond in between the oligodeoxynucleotide 
sequence, which can be cleaved, for example, by a ribonuclease or alkali. 



SUBSTITUTE SHEET (RULE 26) 





WO 96/29431 

PCT/US96/0365I 

can be determiner? hv t rv/ ■ * in many cases the charge-transfer band" 

determined by UV/vis spectrometry (see e.g. Organic tw. T„„ f - r Cn . 

by R- Foster, Academic Pre« 1 o^ i a^e lranstrr Comp ly 

, ^tdaemic ness, 1 969), the laser energy can be mneH t« 
5 energy of the charge-transfer wavelength »nH * « corresponding 

can serve titis purpose ^ ^ donor ^ o^T 7? 

coupied . the r^ieic acid mo)Kule to be ^ ^ on *e sohd s „ ppon or 

sequence ^5^^™^° * ^ * """"o^ ™ 3 "»« ™g 

PCR (FIGURE ^LCR <f7gZ^ T ' " «* - 

_U LCR (FIGURE 5) or transection amplification (FIGURE 6A) 

20 acid n^es,*"^ ^"e^T " <~ » "~ nucieic 
■minimize fragmentation r n rfT^- Iaser '"W quired for voiatization and/or to 

backbone of the ^ , * " m0dificadon of *■ P>**P«odies.er 

eliminating pelTroa^enT ™° l*'' 8 ' ^ can be usefil f or 

» * coni^a b rrr;^et^ 

30 reduce seL^fo;dep^ n wr nm8 ""^ taCO,POrating ""«~*« 

^purine «J££^SZ££ ^ ^ ^ " ^ " 

«, w ouiiding blocks or using oli2onnrli»nriH A ^ 

» one (mutated, .LTo^alu^::,^ — » - 

gonucleotide mimetic arrays on various solid supports. "MuitiDlexW ~ k ... 
by several different methodologies For e* am „,„ , MUiUpIexm S can be achieved 

detected on one target sequence bv emn ? """^ * s ™«Wously 

«,« sequence by employmg corresponding detector (probe) molecules 
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Background T h r (rrrnrifrn 

The genetic information of all living organisms (e.g. animals, plants and 
microorganisms) is encoded in deoxyribonucleic acid (DNA). In humans, the complete 
genome is comprised of about 100.000 genes located on 24 chromosomes (The Human 
Genome. T. Strachan. BIOS Scientific Publishers. 1 992). Each gene codes for a specific 
protein which after its expression via transcription and translation, fulfills a specific 
biochemical function within a living cell. Changes in a DNA sequence are known as 
mutations and can result in proteins with altered or in some cases even lost biochemical 
activities: this in rum can cause genetic disease. Mutations include nucleotide deletions 
insertions or alterations (i.e. point mutations). Point mutations can be either "missense" 
resulting in a change in the amino acid sequence of a protein or "nonsense" coding for a stop 
codon and thereby leading to a truncated protein. 

More than 3000 genetic diseases are currently known (Human Genome 
Mutations. D.N. Cooper and M. Krawczak. BIOS Publishers. 1993). including hemophilias 
thalassemias. Duchenne Muscular Dystrophy (DMD). Huntington's Disease (HD). 
Alzheimer's Disease and Cystic Fibrosis (CF). In addition to mutated genes, which result in 
genetic disease, certain birth defects are the result of chromosomal abnormalities such as 
Trisomy 21 (Down's Syndrome). Trisomy 13 (Patau Syndrome). Trisomv 18 (Edward's 
Syndrome). Monosomy X (Turner's Syndrome) and other sex chromosome aneuploidies such 
as Klienfelter's Syndrome (XXY). Further, there is growing evidence that certain DNA 
sequences may predispose an individual to any of a number of diseases such as diabetes, 
arteriosclerosis, obesity, various autoimmune diseases and cancer (e.g. colorectal, breast, 
ovarian, lung). 

Viruses, bacteria, fungi and other infectious organisms contain distinct nucleic 
acid sequences, which are different from the sequences contained in the host cell. Therefore, 
infectious organisms can also be detected and identified based on their specific DNA 
sequences. 

Since the sequence of about 16 nucleotides is specific on statistical grounds 
even for the size of the human genome, relatively short nucleic acid sequences can be used to 
detect normal and defective genes in higher organisms and to detect infectious 
microorganisms (e.g. bacteria, fungi, protists and yeast) and viruses. DNA sequences can 
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even serve as a fingerprint for detection nfrt'fr 

'Thompson. ,S. and M.W. TH^^^^ * — spec.e, 

Philadelphia. Pa ( 1 986). ^ ln Mf ff iri a e . W.B. Saunders Co.. 

Several methods for detectine DNa »~ 
nucleic acid sequences can be identified b "c I ^ For «-mple 

« ^ment with a known sta^! ^ of an amplify n JJ C 

which ls complementary to the sequence to be idem^Td hybrid,2ar '° n 3 ^ 
°c accomplished if the nucleic acid frazm™ . iacmilIca »°n- however, can onlv 

^"fous and *. signals they produce dccavTvT 72 k ra,W " Ve 
fluorescent, suffer from a lack of sensitivitv andTJ """-"""P* <«* 
h "" « Wng used. Addiuona,,v.Zrrnr,,t, ne ° f ^ Whra — 
are laborious. ume.onsumCnTrlr ^ " K, "»' h ° re - - ^seouen, 
'5 ^"hrl.verror-prone.stacea.esize or^r? ^ "««*-»■ ^phoresis is 
<■**• correlated ,o 4. mobilitv in ^S^TT *** Mid — *• 

secondary structures and interactions with thHTJ, " knOW ' *" $PKiBc «»«■ 

« "K gel matrix are causing artefacts. 

» molecules by j^e Z^™ZZ"l ■ ^ ° f " *~ 
Under 4, influence of combinations of Zl , ^ *" " fly " 
wjectones depending on their individual ^I^^T" ** > °° S f °"° W 
"* l0w n > 0, «'^ -Uta. mass spectroment 2 , ^ ' 2> *» ™^ of molecules 
°rg»ic repenoire for anaiys.s and T ^ ° f *» ""*» PW* 

« of the mass of the parent molecular ion ,n^T i™*™ """^ * *" 

■nolecular ion with other panicles (e g ar^t I C °" iSionS of ,his »«»• 
formmg secondary ions bv the so^'ed-H *" m ° tecutar i0n * Rented 

^mentation panenvpathwav '' S '°" «*». The 

informal. Many app,ica,o„s Sn^^ dSnVa "° n ° f ^ ™' 

' Particularly in biosciences and can be^ 7"°'"""= mel "° ds « known in the an. 

"Mass Spectrometry" ,, A . McC^ ^Z^T^**"*"""***- V °' 

1 vvo - Academic Press. New York. 

high detection s^it" £ ™ oTmal? 1 °' °"" S <~'™^ provide 

CID in conjunction with an MS/MS confi! mMSUremems - deail «° "™=tural information "bv 
■o a computer, there has been JSZZZZ ' ^ " ° n -"- - ™ 

structural analysis of nucleic acids Recent »P~"ometn for the 

Schram. "Mass Spectrometrv of Nucleic aJT^"™ SUmmarizin S ^ ^'d include K. H. 

• ucletc Acd Components. Biomedical Applicat.ons of Mass 
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Spectrometry" 24, 203-287 ( 1 990): and P.F. Grain. "Mass Spectrometry Techniques in 
Nucleic Acid Research." Mass Sp,.rrr nrnrrrv p r . jr -- » 505-554 (1990). 

However, nucleic acids are very polar biopolymers that are verv difficult to 
volauhze. Consequently, mass spectrometry detection has been limited to low molecular 
weight synthetic oligonucleotides by determining the mass of the parent molecular ion and 
through this, confirming the already known oligonucleotide sequence, or alternative^ 

CID ,n an MS/MS configuration utilizing, in particular, for the ionization and volatilization 
the method of fast atomic bombardment (FAB mass spectrometry, or plasma desorption (PD 
mass spectrometry). As an example, the application of FAB to the analvsis of protected 
dtmenc blocks for chemical synthesis of oligodeoxynucfcotides has been described (Roster et 
aL O ' Qmctliral Fnvironmrmal M a « SrwrTmrnrTTT ^ i ] i.j J6 fl987)) 

/*« , m ° re rBCem ionization/dcsor P«on techniques are electrosprav/ionsprav 

(ES) and mamx-assisted laser desorption/ionization (MALDI). ES mass spectrometrv has 

vT™^ ^ FCDn " * Q ' ^ fhrm - 4451 " 59 (,984): PCT A PP««tion No. 
WO 90/14 48) and current applications are summarized in recent review articles (R.D. Smith 

« *L. An al, Chan 62, 882-89 (1990) and B. Ardrey. Electrospray Mass Spectrometry 
SpecrmsronY Flirnpr , 4, 10-18(1992)). The molecular weights of a tetradecanucleotide 
(Covey « al. "The Determination of Protein. Oligonucleotide and Peptide Molecular Weights 

by lonspray Mass Spectrometry." RaniH r 1n j r a ri„n C ;„ ^ Sm mmnrx , , 49 . 256 

(1988)). and of a 21-mer ( Method in FnTYmology , m "Mass Spectrometrv" (McCloskev 
editor,, p. 425. 1990. Academic Press. New York) have been published. As a mass analvzer 
a quadruple is most frequently used. The determination of molecular weights in femtomole 
amounts of sample is very accurate due to the presence of multiple ion peaks which all could 
be used for the mass calculation. 



MALDI mass spectrometry, in contrast, can be particularly attractive when a 
time-of-fhght (TOF) configuration is used as a mass analvzer. The MALDI-TOF mass 
spectrometry has been introduced by Hillenkamp et al. ("Matrix Assisted UV-Laser 
Desorption/ionization: A New Approach to Mass Spectrometry of Large Biomolecules." 
Bio l ffpimf Mtm SncctromrTry (Burlingame and McCloskey. editors). Elsevier Science 
Publishers. Amsterdam, pp. 49-60. 1990.) Since, in most cases, no multiple molecular ion 
peaks are produced with this technique, the mass spectra, in principle, look simpler compared 
to ES mass spectrometry. 

Although DNA molecules up to a molecular weight of 410.000 daitons have 
been dcsorbed and volatilized (Williams et al.. "Volatilization of High Molecular Weight 
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( ' 989),. this Technique has so far onlv shown verv ■ • 85 " 87 

to 1 8 nucleotides. Huth-Fehre al rZ^o rcS ° ,UU ° n (0,i ? 0 ^dylic acids up 

(1992): dna . .._ . ' ' v romrnnnirnrinn t in Mil 1 1 1 ^ 6 * 



10 



2~r ( WH^ • doub,e-s^ ded DNa of 

Ablation and Ionization from a Frozen AoueoL m/J^Jc ^ * ^ 

SBCJummeia. i 348-35 1 f 1 990)). tod rnmmiminiTi i Mu jn^B 

Japanese Patent No. 59-131 909 d^rntvo , 
acid fragments separated either bv electrooho- , „ » ««™»«". which detects nucle.c 
filtration. Mass spectrometry ~ ^ * 

-~ which normailv do not occur in DNA such^ I Z^^^t ^ 
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The instant invention provides mass c~~_~ . 
panics nucleic in a Logi^r^T PrOCeSS " f " ' 

*c processes can be used, for e^uT ^~ 8 °" *' 
Seneuc dis^e or cnromosomlJ i^^TT <«* ~ * « P— W a 
obesity. arthenKclerosis. „ " P^^'-on to , disease or condiuon , M . 

P— « or fimgus,; or ,o P-^S^^^-'T" "* *~ ^ 
<«* HLA phenoryping). 8 """"^ hmdil >- or ""maubilirv 
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In a first embodiment, a nucleic aciH mr.i~... . - 

~quer.ce to be detected (i.e. *. ^ „ fc^^T m "'T^""* Mid 
'■"mobilization can be accomolil^d 1 . ,mn »""'^ .» a solid suppon. 

ofthe ,ar g e, „ uc ,eic J^^tZ^T Z * 
capture nudeic ac,d molecule, which Js bt„ "T"" * 3 
Alternatively, immobilization can be accompUsheTh h "7° "> 2 solld SU PP°" 

acid molecule and the solid support ZfZ TT ' ^ 
molecule, between me urge, nucleic ^ecu^n ^ ' *" 
molecule .e.g. an oligonucleot.de or ohgonuc £££ ""I" * 
me target detection site can then be co fTed ^ „ ' " T • 

duple., mdicatmg rac presence of the Z TZZZZ? T" "* ' 

,„ preferred -trtJZZ^^*^?™ 
detection and the nucleic acid molecules are conditio Z „ 7 . P 

me target detection sequences are anan^r afc Z a, L „ **" P " fc " d "-a™* 

rangeo in a format that allows multiple simultaneous 
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chin')'" 5 (mUltip,CXin8) - 35 Wdl " Pandld P^smg using oligonucleotide arrays ("DNa 

In a second embodiment, immobilization of the target nucleic acid molecule is 
» an optional rather man a required step. Instead, once a nucleic acid molecule has been obtain 
from a b.ological sample, the target detection sequence is amplified and directlv detected bv 
mass spectrometry. In preferred embodiments, the target detection site and/or the detector ' 
oligonucleotides are conditioned prior to mass spectrometry detection. In another preferred 
embodiment, the amplified target detection sites are arranged in a format that allows multiple 
simultaneous detections (multiplexing), as well as parallel processing using oligonucleotide 
arrays ("DNA chips"). 

In a third embodiment, nucleic acid molecules which have been replicated 
from a nucleic acid molecule obtained from a biological sample can be specifically digested 
using one or more nucleases (using deoxyribonucleases for DNA or ribonucleases for RNA) 
and the fragments captured on a solid support carrying the corresponding complementary 
sequences. Hybridization events and the actual molecular weights of the captured target 
sequences provide information on whether and where mutations in the gene are present The 
array can be analyzed spot by spot using mass spectrometry. DNA can be similarly digested 
using a cocktail of nucleases including restriction endonucleases. In a preferred embodiment 
the nucleic acid fragments are conditioned prior to mass spectrometry detection. 

In a fourth embodiment, at least one primer with 3' terminal base 
complementarity to an allele (mutant or normal) is hybridized with a target nucleic acid 
molecule, which contains the allele. An appropriate polymerase and a complete set of 
nucleos,de triphosphates or only one of the nucleoside triphosphates are used in separate 
reactions to furnish a distinct extension of the primer. Only if the primer is appropriately 
annealed (i.e. no 3' mismatch) and if the correct (i.e. complementary) nucleotide is added, 
will the pnmer be extended. Products can be resolved by molecular weight shifts as 
determined by mass spectrometry. 

In a fifth embodiment, a nucleic acid molecule containing the nucleic acid 
sequence to be detected (i.e. the target) is initially immobilized to a solid support. 
Immobilization can be accomplished, for example, based on hybridization between a portion 
of the target nucleic acid molecule, which is distinct from the target detection site and a 
capture nucleic acid molecule, which has been previously immobilized to a solid support. 
Alternatively, immobilization can be accomplished by direct bonding of the target nucleic 
acid molecule and the solid support. Preferably, there is a spacer (e.g. a nucleic acid 
molecule) between the target nucleic acid molecule and the support. A nucleic acid molecule 
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is complementary to a portion of the taree, 
of a mutauon is then hybridized with the targe nulT 7 *? " 5 ' ° f «« 

complete set of dideoxynucJeosides or 3'-deoxvn, T ^ ^ addilion * a 
PPpTdd. PP pCdd and p PP Gdd) and a DNA depend t <«* p PpAdd . 

5 addiuon only of the onc dideoxvnucieos^dVor '1 P ° , ~ a "°- *» the 

commentary to X. The hybridization product^t!^ triPh ° SPhate *« is 

can then be detected by mass spectrometry. 

in a sixth embodiment, a tareet nud^ 
. complementary oligonucleotides that hvbridWTn 1 " ^ a 

10 mUtali ° n M " neterodupiex is then contacted wt !T 3 ^ *" a 

a* - unhybhdized portion (e.g. a single strand slZ e d ^ *" C-B ctav at 

Seating the presence of a mutation. r^Z^™ ^ "° *" 3 miSma ' Ch - 
-o cleavage products can then be detected b m^V "** ^ ^ ~* 

- " Iass spectrometry. 

15 t 

In a seventh embodiment, which is u . 

^et nucleic acid is hybridized with a set of li „" ^ °" Chain ^CR). a 

fo that the ligase educts become covalently ^ ^ 3 lho,n — «* ^NA ligase. 

11,6 fi ««*» Product can then be detect k„ ~_ ^ fonnin S a product, 

value, ir*. reaction is performed in a cvc/icIL^r* COmpared » a 
2" amplified w ^ ^ ££rr- "* produ « can be 

point mutation. g3Uon 1X5,1,1 «" result in the detection of a 

controls to prevent false nega(iye " ad *«°n. a. procKses ^low for 

electropnoretic steps: labeling and subseQuen^., • ""^^ ° f *" invCTtion 

<ne enure procedure . jncludj / 8 nuc| ^. U ™' d ««»°n In fac, it is estimated tha, 

quires only abou. 2-3 hours rime Therefor* T im "" i ' lca,ion - and mass spec analysis 
are faster and less expensive ,o perform JZ^"^ '™ 
because the instan, disclosed ^ fisting DNA detection systems. In addition, 

detected a, the same time bv their specific „,„, T fraem ' m ' » °= identified and 

"andard,. the dtsclosed processes aTa 1 7^2 *" 

available procedures. accura,c M d "liable than currentlv 




FIGURE I A d* 

~,etric analysis on one tLgeT^ctntte <ZT '"^^ ~ 

»te (TDS) contamed within a target nucleic 



. 4~* , * 
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acid molecule (T). which has been obtamed from a b.olog.cal sample, a specific cann 
sconce (C) is anached to a solid support (SS) v,a a spacer (S, The ca^Ts u^ce 

t^ZT *" TOS - ^ ° - - ™ - be deltd^JL 

spectrometri. ^ " * ' Pr ° CCSS for Panning mass 

spectrometnc analysis on at least one target detection site (here TDS I and TDS ^ v * 

3 linkage to a solid support. The target sequence m ™ , J * dmct 

I and TTK ">\ .e • u,- target sequence (T) containing the target detection site (TDS 

i™e«£f ^ , 
•rreversable bond formed between an appropriate functionality rr-. nn . 

- and D_ can -d disttnguishcd based on modular weight differences. 

iC is a dagram showing a process for detecting a wildivnemwi, 

^mc'cZr {Dmu,) sequence ta a -»« m -* - 

r^rr^n::;: 0 ,s " ,o - •»* ^ «> * • *~ (S) . e^l. 

^seZ^ m 2 1 *" ^ " y sequence on the 

^TifT ™ *• ^ si » <TCS> » be detected thtough hybridation. 

ZZ2 r 8e ' Sitt (TDS> i " tai - " — *«■ X- which changes the 

'h ' ° f ** m ° ,eCU " Md ,ta- " WUld « *- - ■ hvbrid if 

^ « <™ " — -I* *e targe, ^ Mqucnc ' 

mntut) wtZe rn^Tr" T * " — detector o.igonudeotide 

, , I 8 " mUa ' ed P 05 * 0 " is ^ f °' hybridization If a nucleic 

I . e. contatn both DW a„ d DmW) ^ DwI P ,ar «")"ence 

- u- .ass difference aUows both D» and Dntu, 10 ^'l^h^ 1^ ^ 

FIGURE 2 is a diagram showing a process in which several mutations are 
s muitaneousiv detected on one targe, sequence by employing corresponding," 

"'Zr*' Weigh ' imm ™ ^ - 0 ides 

n„;^; ^ ^ CT ° U8h " simu "»«»" fetection .multiples, is 

•n^oductton of tnass-ntodtfying fitnctionalitics Ml - M3 .nto the detector o.i.oLeotide 
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FIGURE 3 is a diagram show,™ sri n , u 
*» embodiment, differentiation is accomplished mUJtiP ' CX deteclion *»»«. In 

sequences which are position-specificall v i„l ob T T ^ Specific «P«« 

If different target sequences TUT. " 3 *« — <«* a .hip ^ , 

> mterac: with complementary immobilized caoL ^ "** TCS 1 " T «n wi , 

dlff erentiated either by the, se q uences n^^*^ ° ' " «** are 

' m0d,f >' m ? tonalities Ml - Mn . 
i n HGURE 4 is a diaeram showing , #■ 

'0 capture site (TCS) is incorporated into the tar eet s ' ^ 3 Prcdes ^ 

one stxand is captured, the other is removed (e I ^ ** OnJv 

s^cptavidin coated magnetic beads), if*. b °" »e<ween biotin and 

be appropriately marked by a TCS. Detection is ' h " ^ 1 0lher ^ can 

a specific detector oligonucleotide D with l^T' *"* ^ ** ***** of 
1 5 spectrometry. correspondmg target detection site TDS via 

(LCR), P"<uc^ <*« Hgase chain reaction 

can be achieved by the mass modifying function , Mass differentiation 

*> and P4 ^ ^^^^ CM1 and M2) attached to primers (P, 

without employing immobilization and tarHTcZ^ ^ * ^P 11 ^ Erectly (i.e. 
can be performed in parallel by providing! Z^T^^ MuhWe LCR ^~ 
fonnat allows separation of the ligation pldu c * " ^ <>f capturing sequences (C). This 

)5 spectrometry or multiplexing if mass dlfc^^JS^ * — 

FIGURE 6A is a diagram showina m 
acd molecule, which has been amplified bv Trl SpCCIrom ctric anaiys.s of a nucleic 

sequence is captured via its TCS sequence ' S o f ? MC ? pUon ^ficauon procedure. An RNA 
can be detected as above by emploving app'rtaTd ^ "* d <™™ 
3 FIGURE 6B is a diagrJL shZ " 0,i * 0nuc,e °<*« (D). 

'stated, sites on the same RN A in a *mu^^**". " ^ 
oligonucleotides Ml-Dl and M2-D2. US, " g raass -™odified detector 

FIGURE 6C is a diagram of a d'ff 
of specfic n-uu-ion, bv employjng -"Mptata, Procedu re f or del<!CTOn 

<nphospha« s and an RNA dependent DNA do v™ * d ~" Cym *>*°>U* 3 -deoxynucleosid. 

RNA po^erase and ribonucleotide mrt^TZV'"^' ' ' ^ dCPCTdem 

mc SIle °ia mutation (X). 
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FIGURE 7A is a diagram showing a process for performing mass 
spectrometric analysis on one target detection site (TDS) contained within a target nucle,c 
acid molecule (T). which has been obtained from a biological sample. A specific capture 
sequence (C) is attached to a solid support (SS) via a spacer (S). The capture sequence ,s 
chosen to specifically hybridize with a complementary sequence on T known as the tareer 
capture site (TCS). A nucleic acid molecule that is complementary to a portion of the TDS 
hybndized to the TDS 5' of the site of a mutation (X) within the TDS. The addition of a 
complete set of dideoxynucieosides or 3'-deoxynuclcoside triphosphates (e.g. pppAdd 
PPpTdd. pppCdd and pppGdd) and a DNA dependent DNA polvmerase allows for the 
addition only of the one dideoxynucleoside or 3'-deoxynucleoside triphosphate that is 
complementary to X. 

FIGURE 7B is a diagram showing a process for performing mass 
spectromemc analysis to determine the presence of a mutation at a potential mutation sue 
(M withm a nucleic acid molecule. This format allows for simultaneous analvsis of both 
alleles (A) and (B) of a double stranded target nucleic acid molecule, so that a diagnosis of 
homozygous normal, homozygous mutant or heterozygous can be provided. Allele A and B 
are each hybndized with complementary oligonucleotides ((C) and (D) respectively) that 
hybndtze to A and B within a region that includes M. Each heteroduplex is then contacted 
wun a single strand specific endonuclease. so that a mismatch at M. indicating the presence 
of a mutation, results in the cleavage of (C) and/or (D). which can then be detected by mass 
spectrometry. 7 

FIGURE 8 is a diagram showing how both strands of a target DNA can be 
prepared for detection using transcription vectors having two different promoters at opposite 
locations (e.g. the SP6 and the T7 promoter). This format is particularly useful for detecting 
heterozygous target detection sites (TDS). Employing the SP6 or the T7 RNA polymerase 
both strands could be transcribed separately or simultaneously. Both RNAs can be 
specially captured and simultaneously detected using appropriately mass-differentiated 
detector ohgonucleotides. This can be accomplished either directlv in solution or bv parallel 
processing of many target sequences on an ordered array of specifically immobilized 
capturing sequences. 

FIGURE 9 is a diagram showing how RNA prepared as described in Figures 
6. 7 and 8 can be specifically digested using one or more ribonucleases and the fragments 
captured on a solid support carrying the corresponding complementary sequences 
Hybridization events and the actual molecular weights of the captured target sequences 
prov,de information on whether and where mutations in the gene are present. The array can 
be analyzed spot by spot using mass spectrometry. DNA can be similarly digested using a 
cocktail of nucleases including restriction endonuc leases. Mutations can be detected bv 
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differem molecular weights of specific, individual fa om 

weights of the wildtype fragments. C ° mpared to molecular 

FIGURE I OA shows a cn-r^ 
* f »»-ing Exam P .e , . Pane, „ shows HTscTl'^rT dracrib * "> <•» 

*- i0 shows the f, ltraM of the cen^ ^Vvl = h ' Vbnd -«- 

the second wash wfth 50mM ammonium citrate. ' Sh ° WS "* rcsulu «*«■ 

FIGURE 1 OB shows a soecira r-«.i. , 
< » lowing Example 1 after three -hin^C™ ' ^ " 

FIGURE 10C shows a spectra retiilHn «. i 
following Example 1 showing the success^ d7 «periment described in the 

successful desorpuon of me hybridized 26mer offof beads. 

» following eJ^L^^T^-*" *■ eXPerimra ' ^ * - 
efficiency of detection sugg JtstaHZ **" Pa °" ° f »>«dtad 40mer. The 
desorbed. ^ memS much lo »«« «han 40mers can also be 

» following ExJp^o^ 0 ^^^^ *» - "penmen, described in the 
— by Ceetrospray mass Urmc^ ^rr""^ ,8 - mCTMd 
, (middle, and pea* resulting ta .IT^l^Z^ ^ 

Fibrosis mu a u"^ 8 '^ d ^^^7^ , 3 i0n ° f for detecting me Cystic 

FIGURE 14 is a mass spectrum of th*> nw a 
homozygous normal. A exiension Product of a AF508 

FIGURE 15 is a mass spectrum of th* nw a 
heterozygous mutant. A exiens,on Product of a AF508 

FIGURE 16 is a mass spectrum n f,k„ r>v * 
homozygous normal. 6 ° NA extension P roduct of a 4F508 

FIGURE 1 7 is a mass spectrum of the Dk/a 
homozygous mutant. A extens '°n Product of a AF508 

FIGURE 1 8 is a mass spectrum of the Hnj a - 
heterozygous mutant. extension product of a AF508 
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FIGURE 19 is a graphic representation of vanous processes for pcrformimr 
apolipoprotein E genoryping. wrung 

,« j ■ , , F L GUR£ 20 Sh ° WS ^ nudeic "*» «quence of normal .^lipoprotein E 
(encoded by the E3 allele) and other isotvpes encoded by the E2 and E4 aLL 

apolipoprotein *™ ' ««« P— » for various genotypes of 

A**™ r , , FIGURE 2 1 8 Sh ° WS rCStriCti0n Panera ° blained in a MctPhor 
Agarose Gel for various genotypes of apolipoprotein E « 

FIGU ^ 21Cshowsthe Action pattern obtained in a 12% polvacrvlamide 
gel for various genotypes of apolipoprotein E. ' C 

and 35 ha FI f. UR£ ^ " 3 ^ ShOWing ^ molecular w «Shts of the 91. 83. 72 48 

:l:::^zt^:: obtained by resiriction ™ - - - - - - 

H4 apolipoproteTETno^ "* ^ " ^ " ~ ° f ' h °<~ 

FIGURE 23B is the mass spectra of the restriction product of a E3/E4 
apolipoprotein E genotype. 

T5un of «. u D ^ D GUR ^ ^ " aUt0radi0 « ra P h ° f a 7 -5% polyacrylamide gel in which 10% 
nsllo^ ^ IOadCd - ^ Mate* HBV positive 

Tut ' T; 3lS ° ""^ ™ h ™ —olotf-I analysis 

but w,th an mcreased level of transaminases, indicating liver disease- sa mnle 4 - HBV ' 

neganve: samni^: HBV positive by serological analysts: sarnnlcfi: HBV negative (-, 

neganve control: <+) positive control). Staining was done with ethidium bromide. 

FIGURE 25A is a mass spectrum of sample 1. which is HBV positive The 

^ n lit 03 rePr " CnlS ^ HBV TClaiCd PCR P"** <« 7 nucleotides, ca.cu.ated mass: 
-0Z» Da,. The mass signal at 10390 Da represents the [M-H]2- signal (calculated: 10378 

i 

FIGURE 25B is a mass spectrum of sample 3. which is HBV negative 
corresponding to PCR. serologica. and dot b.ot based assays. Tne PCR product is generated 
only ,„ trace amounts. Nevertheless it is unambiguously detected at 20751 Da (calculated: 
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20735 Da). The mass sienaJ at 10397 n* ™ 

.0376 Da, " j97DarC ~ lt -I^Hp- ra olecu,ei„ n , ca , cuialed 

FIGURE "'sp * 

CMV ^ As ^ I >™ ~ * 4. whlcn 1S HBV „e ga ,,, bu , 

specific signals could be obtained. 

FIGURE 26 sho 

complementary oligonucleotides used in u,, li„f, I **" bindine S,KS °f *e 

sequence is displayed. The mutant conIains ^ ' LCRl Hm - wildtvpe 

oHigation ,bo.d,. The muI a, jo „ js , c " - - *e * 

FIGURE *>7 is a 7 5*}/ 1 
chain length standard (p J C]9 DNA X^^ e f d ™«> «** eUudiun, bromide. M: 
Lan^ r r»o * w ^ Qigested). Lane I * I rp , , 

Une .. ICR wU, mutant template. Lane 3: (cowrol) Lrp ' .7, W " h """"^ *"*»«•. 

' 5 '"•*« < 50 "W was only generated in the po i 2 T' """"^ ^ 

P0S "' Ve ^ning wildrype template. 

FIGURE 2S ts an HPLC of ^ ^ ^ ^ 

FIGtJRE 29 shows an HPLC «•),„_ 
20 tem pl a.e were used. The small signal of £ , f^ 108 ™ *• — • conditions bu, mutant 
«gauo„ of .he edu«s or to a UgaTn a. a ( t T 7a ^ ^ 
stgnificantly lower than the signal of Burin, „ f ra,!ma,ch ^ Positive' signal is 
Figure 2 8 . The a^lysis of Ug! Jn "IT """"^ ^ * 

oligonucleotides are 5'- phosphorylated "P"*' ,w ° of 

analysis of r> DNA-Kgale sVution fc^T? """"^ ° b,ained by M ALDI-TOF-MS 

""Purified LCR ,s shown. ^1^^69 0 3 "^"• TOF -^— <*« 

ligase. ' gnal 67369 Da Probably represents the Pfu DNA 

FIGURE 3 1 shows a MALDI-Tnc 
The signal a, 75:3 Da represents unliaatert „r ° P 00 '" 1 P° si,iv,: LCR * <«>• 

« <~» Oa represent, uTe ligH p^ ^leo' ™ °» «" 

- PMHP- signal of oligo A. The si*Lst 1 ^ ^ " 3774 Da " 

- *• ~* ions . ^ specmm , co J^ - £ «- ™ge iower than 2000 Da are due 

- "Sure =». to b a speetrum of two poo^d nelte LC R " ** 
signal a, 75, 7 Da nfnmiMM o|igo A ^ '7™ " ^ 

control reactions (with salmon sperm DNA MM m„i„ ° " 5PCCmOT ° f tWO pooled 

range around 2000 Da are due toTec^a " SP ' aV "'' ^ S ' enais in »»» 
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FIGURE 32 shows a spectrum obtained from two pooled LCRs in u * k , 
^onspenn DNA was ^ as . negMive control, only o, ig c A ZJ^llT "* 



5 



20 



25 



30 



35 



FIGUR£ 33 shows a spectrum of rwo pooled positive LCRsfa. Th. 
purification was done with a combination of ultrafilr^L a 

described m the text. The signal n 1 5448 Da represents „„„, ' - VnaBeads 35 

.5450 Da, The s ig nal a, 7527 represent onJ^^^CT^ 

signal ofoligo A. whereas the sign^ U ^ * "'I 

uc signal at o 1 4 Da represents oligo A (calculated: 752 1 Da). 

■ ouuauon de^on^iV 8 ' P ™ mmi ' m ° f *< M *° ba * «'™°» »f d» 

miuauon aetection pnmer b using ddTTP (A) or ddCTP m. i« 

- iirsss; t:r >n,mon — — — ™ - 

oligo base exter^T " MALD, ' TOF - MS ^ -orded directly from precipitated 

WT^rd^ r mUat, ° nde,eCti0n - ^ ^ 0" the top of each panel 

(ddTTP or ddCTP. respectively) show the annealed printer «-F «m « . 

reaction The t«n n l». h: • ■ . ™° uea P nnler (CF508) without ftuther extension 
ohJ . P of dtagnosB is pointed ou, below each spectra and the 

observed/expected molecular mass are wncten in parenthests. 

us* as ^IT^ 6 T POni ° 0 ° f of **' DN *- which was 

usea as template for PCR amplificat on of unmodified * n A 7 a 

and 200-mer nucleic acids as well as the seZce o Z , COnta,m " g ""^ 

reverse primers. sequences of the 1 9-pnmers and the two 1 8-mer 

nNi u . u FIGU ^ 37shOWSlhe ^ nionof ^nucleotideseque n ce 0 fMl3 m ol8RfI 
DNA. which was used for PCR amplified of unmodified a*d l^Jl^Z^ 

103 p mer nucleic acids. A!so shown are nucleotide sequences of the 1 T^er prinTZtn 

FIGURE 38 Sh ° WS lhC rcSUit ° f a P°»y««yl«nide gel electrophoresis of PCR 
products purified and concentrated for MALDI-TOF MS anal™, m T^ P , ' S ° f PCR 
lane 1 • 7^ . . nn Mi> analysis. M: chain length marker, 

lane 1 . 7-deazapunne containing 99-mer PCR product, lane 2: unmodified 99-mer lane 3 
7-deazapunne containing 103-mer and lane 4: unmodified 103-mer PCR product 
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» ~o single ^,3,76* ulLt ^3i?6-"m ^ e ^ C ^ ,attd 

spectra). The mean value of the masses calculi f«,.u • . "Single snot 

3 1 71 9 ui i s 1 1 tj- . ^ , MlCUlated for ^ s '"gle strands (3 1 727 u and 
j i / 1 y u) is 3 1 72 j u. Mass resolution: 67. 

p- ^ J^^^ - TTT PCR 

single srands: 30261 a and 30794 „ „> MALDI-TOF malT^ ™° 
calculated for the two single strands: 30224 u and 30750 u. 

si^c s™* (61I7J J£ ,£Z *£rr of -— «*— «- *• - 

mass sm™ „f 7 . MaSS ""'""on: 28. b) MALDI-TOF 

of 7^azap unDe 200 . mer ^ 

spectra). The mean value of the masses calculate .u . s 

61514 u) is 6,643 , Mass resolute ° ^ ^ ^ " ^ 

100-mcr PCR "h^ ^ MALDNT ° F m3SS o^-deazapunne containmg 

or Z l s 7 : ,th , nb ° m0dified ' rim - mean value of the masses 

If he PCR Dr T ™ 9 " ^ 5,095 U) " 30812 U " b) MALD '- TOF — »™ 
ST aftCr h r dr ° 1>liC '-age. The mean value of the masses 

T ctav / tW °- Smg StrandS (25104 " ^ 25229 U> iS 25,67 - —» value of 
the cleaved pnmcrs (5437 u and 591 8 u) is 5677 u. 

FIGURE 44 A-D shows the Mat m mr — . 

me MAJ -Di- 1 UF mass spectrum of the four 

^uen=,„g ladders obcained from a 39-mer ,emp,a,e ,SEQ. ID No. !3). wh,ch was 

™T„ 2 S,rePIaVidin ^ * 3 ' bi0 "" yla,i0n - A ,4 - m " " rtm " '^0. 10. NO. 14) 
was usea in tne sequencinc. 
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FIGURE 45 shows a MALDI-TOF mass spectrum of a solid state sequencing 
of a 78-mer template (SEQ. ID. No. 15). which was immobilized to stieptavidin beads via a 
, fcotmylation. A 1 8-mer primer (SEQ ID No. .6) and ddGTP were used in the sequencing. 

3 FIGURE 46 shows a scheme in which duplex DNA probes with single- 

stranded overhang capture specific DNA templates and also serve as primers for solid state 
sequencing. 

FIGURE 47A-D shows MALDI-TOF mass spectra obtained from a 5' 

m^Z 1 ^ 1 * 23 " mCT (SE °- ID ' ,9> — l ° 3 ' biotin ^ (SEQ 
N °- 20) ' leav,n 8 a 5 - base overhang, which captured a 1 5-mer template (SEQ: ID, No, 2 1 ). 

FIGURE 48 shows a stacking flurogram of the same products obtained from 
the reaction described in FIGURE 35, but run on a conventional DNA sequencer. 
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Detailed Di-SCTiptirm nf thg Inv.-nr.ftn 



In general, the instant invention provides mass spcctrometric processes for 
detecting a particular nucleic acid sequence in a biological sample. As^sed herein, the term 
biological sample" refers to any material obtained from any living source (e.g. human, 
ammal. plant bacteria, fungi, protist. virus). For use in the invention, the biological sample 
should contain a nucleic acid molecule. Examples of appropriate biological samples for use 
ui the mstant invention include: solid materials (e.g tissue, cell pellets, biopsies) and 
biological fluids (e.g. urine, blood, saliva, amniotic fluid, mouth wash). 

Nucleic acid molecules can be isolated from a particular biological sample 
using any of a number of procedures, which are well-known in the art. the particular isolation 
procedure chosen being appropriate for the particular biological sample. For example, freeze- 
thaw and alkaline lysis procedures can be useful for obtaining nucleic acid molecules from 
sohd matenals: heat and alkaline lysis procedures can be useful for obtaining nucleic acid 
molecules from urine: and proteinase K extraction can be used to obtain nucleic acid from 
blood (Rolff. A et al. PCR: Clinical Diagnostics and Research. Springer (1994),. 

To obtain an appropriate quantity of a nucleic acid molecules on which to 
perform mass spectrometry, amplification may be necessary. Examples of appropriate 
amplification procedures for use in the invention include: cloning (Sambrook et al.. 
Molecular Cloning : A Laboratory Manual. Cold Spring Harbor Laboratorv Press. 1 989) 
polymerase chain reaction (PCR) (C.R. Newton and A. Graham. PCR. BIOS Publishers 
1994). Hgase chain reaction (LCR) ( Wiedmann. M.. et. al.. (1994) PCR Mrthndc A rp . Vol. 
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variations such as RT-PCR (Higuchi et a 1 fltr! 1 ^ " 267 °" 77 " 9M » *>< 

-letc ac.d sennit I~ ££T r ^ 3 *" ~ ~« a 

appropriate solid supports induce beaXe 8 su^ T " 3 ^ ^ E -«P'« of " 
Sephade*Sepharose. cellulose, flat surface! or ZL ,' r 

m«al surfaces tsteel. goid. silver, aluminum CO pt and V *" ^ *~ SUrf — 
po-vethvlene. polypropylene. *"* «* 

Plales) ):0 rpi M „ rcombsm ^ e( . m . _ " . "—""'We membranes or 

niicrotiter 

beads p,aced into pits in fla, surfaces ™ « «« or 

as waters (e.g. silicon wafers). 

Immobilization can be arrnm-r ■ . „ 
between a capture nucleic acid 7^T w T h T' °' °" h - vb "n 

and a complementary nucleic acid sequence whi^ ^ immobi,ized «° ** ^uppon 

molecule containing the nucleic ^ ^ C ° niained ***** * e nucleic acid 



) 



hybridan benveen me -.^i^tST 1 7°°" ^ * ^ 
■W. me capture nucleic acid can induXTstL ' S n< " by *■ 

in length between me solid support ™d , h . rt8 '°" " leaSt about five »"d«>odes 

fonned wil, be cleaved undeTTl^ ^ 

™. -M support-bound base seot^nce^ ^ p~m^ , deS °" i0n ~ * inhiaBd 

oligodeoxyribonucleotide as well as J^JTT^ Tr"* ^ ° lieorib °- - 

Phosphor backbone, or ^J^X^^^Tf^ " 

eg. Nielsen „ at.. Ssitace. 254 , 497 f i« TT ? ^ * PNA malo « s ,s ~ 

-cepttble » -rXCi? "■" 

suppon-bound capture base^uetTe ° VCra " SUbi,i * ° f *• 

«a a revers i b,e:~^l d ~r " T' " * ^ 

nucieic acid molecule a, and an app^T, ^TT' °" ** 
(FIGURE IB, A reversible Hnkag ZZ su^ 7 '■ °" "* ^ m °' eC, "< 
mass specn.me.rv «i.e.. a ^ZZ^oZ ^."."^ "T C °" di,i ° nS ° f 
bond betng formed between relauv.lv sable!™ , * C ° mp ' ex or a labile 

be formed with L' being a autJ— . * n ' d ' C! " S '- Funhe ™>"=- «" linkage can 
or ute solid sup,™ Zl^^ZZfZ £ ^ ^ ' *« S ^ 

backbone and thus facilitate the desorp^n ^T^^J^^T 
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^orption can occur cither by the heat created by the laser pulse and/or. dependin* on L • K 
specie absorption oflaser energy which is in resonance with the L' chromo^ 

By way of example, the L-L" chemistry can be of a tvpe of disulfide hn * 
chemically cleavable. for example, by mercaptoethano, or dithioervLo, ^ 
biotin/streptavidin system, a heterobifunctional derivative of a rrirvi ~k " 



neutral conditions with a hydrazimum/acetate buffer an aroin 

bond cleavable by an endopeptidase enzvm^L ^ mnC '^ « b^y-c 
bv a nvrn^ u f enzyme like trypsin or a pyrophosphate bond cleavable 

oy a pyrophosphatase, or a ribonucleotide bond in b«w~n th«. „r ^ ^cavaoie 
sequence whirh Mn k. ■ ^ c between the oligodeoxynucleotide 

sequence, which can be cleaved, for example, by a ribonuclease or alkali. 

^by form ^ ^ ^ ' *** ~* —« - 

be determined by UV^is i^^J^ SSS^ST^ ^ * 

^s^Academic Press, , 969), the laser energy c« .be -e^of 
me charge-transfer waveleneth and. rh„« a , J . „ . ^ e CTgy of 



initiated Those skills ^ •„ ««°rpuon on the solid support can be 

*nose skilled in the an will recoenize that u- 

DurM«.»nrf,k,..L j ^ cognize mat several combinations can serve this 

purpose and that the donor functionality can he *-ith~ ~- .u 

„„„, • . J , ««noiiiy can oe either on the solid support or couDled to th* 

nucleic acid molecule to be detected or vice versa. 



SuXrr f' " " i °' iatim "» « *< radical position. 
c"^Z enCT8ieS '° "—WHS' cleave u, e bond berween .hem a 



sequence (TCS^v L can also be incorporaied in,o a .arge, cap,uri„ g 

PCR m G m ^ aPPrOPnaK PrimOT dUriD6 " ™P«fi«,ion procedure, such as 
PCR (FIGURE 4,. LCR (FIGURE 5) or uanscripuon amplification (FIGURE «A ,. 

acid , T" " T Specmmcaic » be useful ,o "condition- nucleic 

.mmob,hzed. An cample of conditioning is modification of the phosphodies,er backbone of 
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me nucleic acid molecule (e.g.cation exchange), which can be useful for eliminating peak 
b ro adenmg due to a heterogeneity in the canons bound per nucleotide unit. Contact 
nucloe acid molecule with an alkylating agent such as alkyl.odide. iodoacetamideT 
.odoethano, or ^-epoxy-.-propanol. the monothio phosphodiester bonds ofa nucleic acid 

> module can be transformed into a phosphotnester bond. Likewise, phosphod.es" e Lln" 
may be transformed to uncharged derivatives employing trialkyls.lv, chlorides 
conditioning solves incorporating nucleotides which reduce sensuivitv for dep L on 
(fragmentanon during MS) such as N7- or NO-deazapurine nucleotides or 

blocks or using oligonucleotide triesters or incorporate oho«h« 1 * 8 

> are alkylated or employing oligonucleotide mi^c" ^ 

For certain applications, it may be useful to simultaneously detect more th an 
one (mutated) loci on a particular captured nucleic a .irf f™„ 

•rmavk. «. '"tcq nucleic acid fragment on one spot of an arrav) or 

it may be useful to perform parallel processing hv -r , . , 
mim ., . v 'processing by using oligonucleotide or oligonucleotide 

mimetic arrays on various solid supports. "Multinle*ino" „,„ i_ u- j nucieotiae 
a cc ^ muiupiexing can be achieved bv several 

dtxTeren, Oologies. For example, scvera! mutations ^ u ^.^J^Lt on 
one target sequence bv employing corresponding detector (probe) moM ™ * *— 1 °" 

^r*: , ^cTo oli 1 gon,K, r d : Howev ~ *• 

oerween the detector oligonucleotides Dl D2 and m k_ i 

... J ano U3 must be large enough so that 

r^T,^ 00 <mUhi '" Kli0 « » This can be achieved eL bv the 

sequence ..self (composmon or lengm) or by «he introduction of mass-modifVing 
funcuonalmes M < - M3 into .he detector oHgo„ucleoade. ( FIGURE 2, 

Mass modifying moieties «n be attached, for insunce. .o either the 5-end of 

Zi tzz f ? ' ,o Tr**- ,or b ™ (M2 - m7> - » - 

?"? , nUC ' e ° Side <nUCleOSideS, (M4 ' M6) OT/Md » *< 

Lai , k m0di,yinS ' f <* —I*. a haloaen. an 

azado. or of the type. XR. wherein X is a iinking group and R is a mass-modifving " 

funcuonahtv. The mass-modifying functional can thus be used to introduce defined mass 
increments into the oligonucleotide molecule. 

Here the mass-modifying moiety. M. can be attached either to the nucleobase. 
^TJTl ; f thC jJ- deaZanUClcOSides al *> <° C-7. M7). t0 the triphosphate group at the 

M4 JL J 7 T " 10 ** 2 ' POSiti ° n ^ ^ ° f thC nUdCOSide -Phosphate. 
M and M 6. Furthermore, the mass-modifying functionality can be added so as to affect 

chain termination, such as by attaching it to the V-mcirinn . 

f«-u x. a ^ -position of the sugar ring m the nucleoside 

tnphosphate. 1VP. For those skilled in the an it is clear rh„ 

„, - , • " ,s c,ear that many combinations can serve the 

purpose of the invention equallv well. In the same wav th~— ..n 

. in uicsame way. those skilled in the an will recognize 
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that cha ln -clongating nucleoside triphosphates can also be mass-modified in a similar fashion 
wtth numerous variations and combmations in nationality and attachment posl^ 

Without limiting the scope of the invention, the mass-modification m « u. 
^duced for X in XR as well as us.ng ol^polvethv.ene glycol derivative for R^ "^e 

eTeld s 6 T mem " ^ ^ ,S ^ fiVC diffCrent —^ified species « b. 
generated by JUS t changmg m from 0 to 4 thus adding mass units of 45 (m=0) £ J 

^ 1 77 <m=3) and 221 <m=4> to the nucleic acid moiecule <e.g. J2^ J£££ 
(D) or the nucleoside triphosphates (FIGURE 6(C)). respectivelv). The olieo/po.v^vTl 
glycols can also be monoallcylated by a lower alkyl such as methv,. ej^* 
^andthelik, A selection of linking functionalities. X. are also illustrated O^her^ : 

^^ZZ^Z *■ T' modifled compounds ' * for examp,c - — " 

Press. Oxf o r Tl99i " PraCnra ' ^""^ F ^ IRL 

than oii^/no, 'T! ^ Cmbodime ^ v ™"* mass-modifying functionalities. R. other 
^o/polye^ylene glycols, can be selected and attached via appropriate linking 
chonism X. A stmpie mass-modi ficauon can be achieved by substituting H for halogens 
~ r PSCUd0hal0genS ^ 38 SCN « NCS - - * —« Cerent alky " . 

Phen>l. benzyl, or funcuonal groups such as CH 2 F. CHF->. CFv Si(CH 3 h 

oSf Si(CH3XC 2 H 5>2. Si(C 2 H 5 ) 3 • Yet ano'ther mass-modification can be 
obtamed by attachmg homo- or heteropeptides through the nucleic acid molecule (e g 

^ " nUC,eOSidC One example useful in generating mass-modified 

spates wnh a mass increment of 57 is the attachment of oligoglycines. e.g.. mass- 
m^ttonso 74 (r =l.m-0, 131 (r=,. m «2). 188 (r=l. m-3, 245 (r=!. m=4) are 
U (X-Zo ° ''^ J,' 3,50 ^ ^ ^ **~ m -^^ations of 74 ( r-,. m=0 , 

" i7;;,r b V r " 1 16 <f=4 ' m=0) " " ° btainabl - For those skilled in the 
an. n be O0Vl0us mat ^ ^ numerous possibilities . r ^ ^ ^ ^ 

As used herein, the superscript 0-i designates i - 1 mass differentiated 
nucleotides, primers or tags. In some instance, the superscript 0 can designate an 
unified species of a particular reacts and the superscript i can designate the i-th mass- 

2t SPCC,CS ° (Xhat rCaCtant " If - f ° r CXam P le - m °~ than one spec.es of nucleic acids are 
to be concurrently detected, then i ^ 1 different mass-modified detector oligonuc.eotides f D© 

m':f T ^ 10 diSlingUiSh «** SDeci « of mass lifted detector o.ieonucleotides 
{U) 1701X1 *e others by mass spectrometry. 
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Different mass-modified detector oligonucleotides can be used to 
simultaneously detect all possible variants/mutants simultaneously (FIGURE 6B) 
Alternatively, all four base permutations at the site of a mutation can be detected bv 
designing and positioning a detector oligonucleotide, so that ,t serves as a primer for a 
^ DNA/RNA polymerase (FIGURE 6C). For example, mass modification, also can be 
incorporated during the amplification process. 

FIGURE 3 shows a different multiplex detection format, in which 
differentiation is accomplished by employing different specific capture sequences wh.ch are 
position-specifically immobilized on a flat surface (e.g. a chip array'). If different target 
sequences Tl - Tn are present, their target capture sites TCSl - TCSn will specifically 
interact with complementary immobilized capture sequences CI -Cn. Detection is achieved 
by employing appropriately mass differentiated detector oligonucleotides D 1 - Dn. which are 
mass differentiated either by their sequences or by mass modifying functionalities Ml - Mn. 

Preferred mass spectrometer formats for use in the invention are matrix 

,T dCSOrpUon i0ni2ali0n (MALDI >- "ectrospray (ES). ion cyclotron resonance 
(ICR) and Fourier Transform. For ES. the samples, dissolved in water or in a volatile buffer 
are injected either continuously or discontinuous* into an atmospheric pressure ionization ' 
mterface (API) and then mass analyzed by a quadrupole. The generation of multiple ion 
peaks which can be obtained using ES mass spectrometry can increase the accuracv of the 
mass determination. Even more detailed information on the specific structure can be 
obtained using an MS/MS quadrupole configuration 

In MALDI mass spectrometry, various mass analyzers can be used e g 
magnetic sector/magnetic deflection instruments in single or triple quadrupole mode 
(MS/MS). Founer transform and time-of-fiight (TOF) configurations as is known in the an of 
mass spectrometry. For the desorptiorvionization process, numerous matrix/laser 
comb,nat,ons can be used. Ion-trap and reflectron configurations can also be employed. 

The mass spectrometric processes described above can be used, for example 
to diagnose any of the more than 3000 genetic diseases currently known (e.c hemophilias, 
thalassemias. Duchenne Muscular Dystrophy (DMD). Huntington's Disease (HD). 
Alzheimer's Disease and Cystic Fibrosis (CF)) or to be identified. 

The following Example 3 provides a mass spectrometer method for detectine a 
mutauon (AF508) of the cystic fibrosis transmembrane conductance regulator gene (CFTR)~ 
which differs by only three base pairs (900 daltons) from the wild rvpe of CFTR gene. As 
described further in Example 3. the detection is based on a single-tube, competitive 
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ohgonucleoude single base extension (COSBE) reaction using a pair of primers with the 3" 
terminal base complementary to either the normal or mutam allele. Upon hvbridization and 
add-on of a polymerase and the nucleoside triphosphate one base downstream, onlv those 
pnmers properly annealed (i.e.. no 3'-termi„al mismatch) are extended: products are resolved 
by molecular weight shifts as determined by matrix assisted laser desorption iomzation time- 
of.fl.ght mass spectrometry. For the cystic fibrosis AF508 polymorphism. 28-mer normal' 
^ J °- mCr mUtant ' fM > P rime - aerate 29- and 3 1 -mers for N and M homozvgotes 
respecnvcly. and both for heterozygotes. Since primer and product molecular weieh* are" 

7 "* "* ^ diffCrenCC bCtWCCn « * Ie - ^t of", single - 

,00 Da nucleoude un, L low resolution instrumentation is suitable for such measurements. 

In addition to mutated genes, which result in genetic disease, certain birth 
defects are the result of chromosomal abnormalities such as Trisomy 2 , (Down's Svndrome, 
Tnsomy 13 (Patau Syndrome,, Trisomy , 8 (Edward's Syndrome). Monosomy X (Turner" 
Syndrome) and other sex chromosome aneuploidies such as Klienfelter-s Syndrome (XX Y). 

Further, there is growing evidence that certain DNA sequences may 
prcaspose an individual to any of a number of diseases such as diabetes, arteriosclerosis 
obesity, various autoimmune diseases and cancer (e.g. .colorectal, breast, ovarian, lung)- * 
chromosomal abnormality (either prenatally or postnatally); or a predisoosition to a disease or 
condmon (e.g. obesity, artherosclerosis. cancer). Also, the detection of "DNA fingerprints" 
e.g- polymorphisms, such as "microsateilite sequences", are useful for determining identity or 
Heredity (e.g. paternity or maternity). 

The following Example 4 provides a mass spectometer method for identifying 
any of the three different isoforms of human apolipoprotein E. which are coded bv the E- E3 
and E4 alleles. Here the molecular weights of DNA fragments obtained after restriction with 
appropnate restriction endonucleases can be used to detect the presence of a mutation. 

Depending on the biological sample, the diagnosis for a genetic disease 

chromosomal aneuploidy or genetic predisposition can be preformed either pre- or post- 
natal] v. 

Viruses, bacteria, fungi and other infectious organisms contain distinct nucleic 
ac,d sequences, which are different from the sequences contained in the host cell. Detecting 
or quanutatmg nucleic acid sequences that are specific to the infectious organism is important 
for diagnosing or monitoring infection. Examples of disease causing viruses that infect 
humans and animals and which may be detected by the disclosed processes include: 
Retroviridae (e.g.. human immunodeficiency viruses, such as HIV- 1 (also referred to as 
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HTLV-III. lav or HTLV-III/l av ««d 

(1985V U/.- u u o " I/LAV - See L- « al.. Nature. Vol. 313 Pn ->«* 7 

n985; - Wa,n Hobson - S. et al. Cell. Vol. 40: Pp 9-17 ,|98Slv Hrv , " 
-We. Vol. 328, Pp. 662-669 ( 1 987)- Eun»e£ P o l ' " Ct aI " 

ChaKrahoni „ ^ , v _. Vol . ( 328 * ™-ion No. 0 269 520: 

No. 0 655 501): and other folates, such as HIV-LP ^ APPUcatl ° n 

94/00562 enUtied - A ,W Human ImmunZ^^^P ****** ^ *° 
viruses, hepatitis A virus. (Gust. I D et al Jl , ' PlC ° rnaviridae polio 

viruses, human coxsadcie ^ir^^^^' ^ ^ * ^ 
cause gastroenteritis); To^iridae (eg "" e e'c TT" ^ *« 

"~ (e. g .. dengue viruses. ence^^^ ^ — ~ 
(e-g.. coronaviruses); Rhabdoviridae (e g vesiZ ' " Cor ^i dae 

^iridae (e.g., ebola viruses): ^—^eTZ^^ ^ ~ 
measles virus, respiratory syncytial virus)- On nom t T ^ mUmpS Vi ™ 

(e.g.. Hantaan viruses. ^ ^ " 

viridae (hemorrhagic fever viruses): aJL£T. ^ « 

(Papilloma viruses. paJL^^T^ 

(CMV). herpes viruses'); Po^ridae IJ Zl ™" ^ 

Iridovindae (e.g.. African s^vine fever virus)- anZ* ,™ ^ P ° K -» 
agents of Spongiform encephalopathiL Z a g Tn t 7^ ^ ^ "^S^ 
defective satellite of hepatitis B virus) me L e T f * (th ° Ught l ° be a 

internally transmitted: cTs * = JZ^T " ""^ n ° n ' B hepatilis < class 1 = 
related viruses, and astrovi" ? ' ^""^ ^ H ' patitis C * and 



0 



Examples of infectious bacteria inrh.H-. u 1 l 

Erysipelothrix rhusiopathiae. Clostridium perfrin^rs Cin*„ w T 
a«-oj?e«« A7^A««//^ P er .P-mgers. Clostridium tetani. Enterobacter 

ogenei Klebsiella pneumoniae. Pasturella multocida Bacteroides sn r a 

IWra ^Actinomyces israelii. Treponema per tenue. 
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Examples of infectious fungi include: Crvptococcus ntofarman* u , 

Candrtaaib.cans. other urfectious organisms (i.e.. prists) include PiZ 0 7 
falciparum and Toxoplasma gondii. Plasmodium 

> ' " 

t 

The following Example 5 provides a nested PCR 
n,«hod was used „ detect ^ J «P«~ based 

other blood-bome viruses (e g HIV. I HIV "» h- ^. blood samples. Similarly. 
(HA V, and other hepltilis ' vi ^ J ' £-» C 7- <HC V). hepatic A virus 

cT m T ga,ov, r " d hCTpcs simp,ex *» < HS v » - * -^^^T 

combination based on the methods described herein. ° r m . .... 

Since the sequence of about 16 nuclennH.-c * 
(-en for a genome as targe as «he human genome «l j T 

can be used „ de«, normal and def^/Z™' *°" ^""^ 

even serve as a fingerprint for d<Meetioo of ^ " J™ ™" 1 DNA «" 

mompson. J.S. and M.W. Thompson. ^tSSS'-'tf." ^ 
Philadelphia. PA (1986). . '" Mrrf ' rmc - WB Sa ""<^ Co.. 

^. — m ^ (Dmu " — 

is aoached ,o a soiid suppon via a spacer (S) l„^' ^ CaP ' Urc """""^ (Q 
» specific^ interact vWth a complement ~J^T T " 
capture s„c nCS) .o be d«ec,ed I S " ,UCTCe ^ «"«" 

TDS, includes a mutation. X. ^ Lt^^e^^ ' T ^ * 
TDS can be distinguished from wildtvpe bv n^ZZ! , c """^ — "* 

an adenine base ,dA) insenion. ft. ^^^JET^- „ " ** "°* " 

would be ab» ul 3 ,4 h.,..„ m m ° ,eCUlar ""e 1 " 5 ben "~» DW "d D mut 



Preferably, the detector nucleic ariri iT>\ j . . 
-u,d be in the middle of me molecule J^^^Z? T "* n "" a,i ° n 
stable hybrid wou!d no, be formed if me JZ^ZZZZT , , " U,a ' * 

with ,he mutated target de.ec.or seouence a! ™ I, ' ' ' " 

. l. . , M as a control. The mutation can also be detected if 

the mutated detector oligonucleotide (Dmut) wj th Ae matnhin w L a«ected if 

is n^H fx- u j- • matching base at the mutated position 

orX 1 T nUC ' e,C 0bBmCd *» ' •***"' —I* « heteZgous 

foMhe pan.cu.ar seouence „.e. conuin bom Dw and Dmu„. „„,„ DWT J DlllllI 

srmrr — ^ — - — — - - - ~ " 
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The process of this invention make* «f ,u . 
-he target sequence and known mutation s °" „ ^ Wonra ' i ™ <* 

For example, a, shown in FIGURE 8 ^ "'^ 7 "~ """"^ ^ * 
a 1^ sample can be ° f 3 <*—d from 

Segments capped on a solifsuppon ca^T" ,,^ * °" C " ""^ ^ *■ 

of fragments. CompaHson I^oIT we^ ^ " ° — 

fixtures results in mutation detection * lld,yPe rauam ^'n, 



The present invention is further illustrawrt h„ ,i. <■ ,. 
should no, be construed as limiting in anv wav / ' OWU,e Which 

' (including Uterantre references. JLlZT'i^ZT" ^ 

ta.ema.onai patent appiicaUon Publico ^be wc T' ^7""°' 
&?«e«cm s by Mass Spectrometry bv H Koe*t*r- .ji- enmjed OA* 

PubUcauon Number WO 94/21822 endtled^T " , « ! ™^ P««m application 
Exonuciease Degradation- by H KcT^ H """^ * ^ "* V * 

W Patent App C n Se^Ko. K 0^ ;re^rX ttM """"^ 
*»~»? by H. Koester, as cited *rougho^™r 

•ncorporaBd by reference. m ° u e*»"« thts apphcauon are hereby expressly 

EXan ' Plel ^-P'-TOP ^rnrion nf^ ^^ direr „ v „, M ^ 

ePcxypropan to fc^" ^IZ^^ ^ 
synthesis with ISmgofteOH <^ r^T ' standard oligonucleotide 

-p,oy ta8 ^^^^z^rr^'r™- m ° m 75oo, 

f 1994.1 ,„ri TAr- kt • UUC5 1 roster et al.. Nucleic Acids Res.. 12 4539 

< ' and TAC N-protect ng groups fKoste-r <« =,i t . t j 

„.^v, j p eret ^ - Tetr ahedron. 37 36"> ri98l^«/ac 

performed to svnthesize a V-T >n~~ • • . 1 6 1 " was 

complement to a Cme^X^^ " 
«-* saturated ammonia in methanol at room tem ' JureTA h T"" k DePr ° ,eC ' i ° n 
u» determination of the DMT group CPG wh c^cZ I 1 '""'"'^ " 

This Jimer served as a template for hvbHd ' ° """" CPG ' 

template tor hybridizations w th a ''emer (with nivx-r . J 

40mer (without DMT croun ) th .• , ( n 3 " DMT e ro "P) and a 

11 1 group;, i he reaction vo ume is 100 ni ™a 

bound 55mer as tfmni.r, a „ .„ , d contains ab °ut ' nmo CPG 

heated for in* at a<o/- « j i . - mivl ^aci. The mixture was 

iicutca ior iu at 65°C and cooled to 37°C dnWno -;o' i- 

C dunng ^0 (annealing;. The oligonucleotide which 
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has not been hybridized to the polymer-bound template were removed bv centrifueation and 
three subsequent washing/centrifugation steps with 1 00 ul each of ice-cold 50mM~ 
anunoniumcitrate. The beads were air-dried and m.xed with matrix solution (3- 
hy^xypicc^inic acid/1 OmM ammonium ctrate ,n acetonitril/wate, , : 1 , ^ bv 

MALDI-TOF mass spectrometry. The results are nrewm^ i« it- , 0 " • 

• " arc presented in Figures 1 0 and 1 1 



Example 2 Electrosnrav ( P<z\ H fT 




10 



3 



^ . / >NA fragmCntS at 3 concentration of 50 pmole/ul in 2-propanol/l OmM 

' WCrC - ~ ,y " d Simultaneousl >- * - ^rospray mas" 

electron SUCCCSSftl1 dCSOrPti ° n ' nd differentia «o" of an 1 8-mer and 1 9-mer bv 

eiectrospray mass spectrometry is shown in FIGURE 1 2. 



Example 3 



Detection of The f v*ic Fjhrmh Mnnrinn apsh, ... , inf . , r 



MATERIALS AND METHODS 



withexon.O ™ A ^*^^^'^**^ Amplification was carried out 

2 @7. C) the reverse pnmer was 5' labelled with biotin and column purified 
(Uiigopunfication Cartridge. Cruachemi Aft«- .• , „ 

hv ™»„ « ,- After amplification the PCR products were purified 

by column separauon(QiagenOuicksDin^anrfi m «,«K;i- j H"*"«o 
beads fnvnZ ^ ^ , lT Pm) ^ ,mm obihzed on streptavidin coated magnetic 

u^O^r^* y> 8CCO " line l ° ** *™> C <* DN * was denatured 

usmg 0.1 M NaOH and washed with 0.1M NaOH. IxB+W buffer and TE buffer to remove the 
non-biotinyiated sense strand. 

r~ m,- C ° SBE C0nd " i0nS Thc ^ containing ligated antisense strand were 

1 ofT M °? CaClIOn ^ 1 Q * ,0X Ta ° ° uff - 1 ^ (1 unit) Taq Polvmerase. 2 

P ° f 2 mM and 1 3 p.L H 2 0, and incubated at 80°C for 5' before the addition of 

Reacuon mix 2 (100 ng each of COSBE primers). The temperature was reduced to 60°C and 
the mixtures mcubated for a 5' anneaiing^extension period: the beads were then washed i„ 
mM tnCthy,amrn0mUni acetate (TEAA) followed by 50mM ammonium citrate. 

ExneHif fiQnn P '^ er S '<r«<»™- AH primers were synthesized on a Perseptive B.osvstems 

( , 9^4 v T , ; ntheSi2er 1151118 ™ ional Phosphoramidite chemistrv (Sinha et al. 
( 1 984) W/e,c Acids Res. 72:4539. COSBE primers (both containing an intentional 
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mismatch one base before the 3 '-terminus) wer, 

« al- (1992) Am J Hum Gene, S^TZT^ " * ARMS »"* ^ 

from the 5 --end of the normal: eXCepU ° n that tW ° bases — re movcd 

5 ExlO PCR (Forward): f-BIO-GCA ACT CAA TCC TCa rrv- -r^ 

ExlO PCR (Reverse,: 5'-GTG TGA AGO GTT Cat ATG ™ " N ° 1 1 

COSBE AF508-N 5 '-ATC TAT ATT CAT CAT act. Q N °" 2) 

No. 3) CAT AAA CAC CAC A-3' (28-mer) (SEQ ID 

COSBE AF508-M S'-GTA TCT ATA TTC ATC AT a 
» ID No. 4) ATC ACC ATT-3' (30-mer, (SEQ 

Mass Spectrometry: After washing bead* u,^ 
Mohm,cmH 2 C, ^^^^J^^^r^^'^ ' ^ 18 
acid. 0.7 M dibasic ammonium citrate in , • , m ^"" ^ M ^-yp.coUnic 
ai- (1995) RapUCommun Mass Spectra* ^ ^ang et 

allowed to air dry. Up to 20 samp.es were soo Jed ^ ^ * ^ » d 

the source region of an unmodified Thermo £ T ' P ^ f ° r intr <*"«i°n into 

MA, DI -TOP operated in ^ ^ ^ ^ 

dynode. respectively. Theo'reucai avem*. 7 , 31,(1 conv «*ion 

external calibration: 1 .08 Da has been subtract «• T *Knnme peak centroids using 
proton .ass to yield the » M^^uel " ^ for d -* 

Crick base paring a. the variabie Z£t ,° * propCT 
P™ with the 3-ennina, base of N nTc'TJ »^ ^ 

- , s matched „ , hc M 



® Results 



products. Better results were obtained when Pro „ of COSBE reacuon 

"otinvlated anti-sense strand was " ProdUC " "*» "* 

EXa """ e4 "^nriminnofH„m an A^.„ rm , ri nr , ||ri 



— « roie .t/dZ^rr e^ctrTT ^ « 

ror example, it , s mvolved with cholesterol transport. 
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metabolism of lipoprotein panicles, immunoregulation and activation of a number of lipoh 



vtic 



enzvmes. 



There are three common isoforms of human Apo E (coded by E2. E3 and E4 
alleles). The most common is the E3 allele. The E2 allele has been shown to decrease the 
cholesterol level in plasma and therefore may have a protective effect against the 
development of atherosclerosis. Finally, the E4 isoform has been correlated with increased 
levels of cholesterol, conferring predisposition to atherosclerosis. Therefore, the identity of 
the apo E allele of a particular individual is an important determinant of risk for the 
development of cardiovascular disease. 

I 

I 

As shown in Figure 19. a sample of DNA encoding apolipoprotein E can be 
obtained from a subject, amplified (e.g. via PCR): and the PCR product can be digested using 
an appropriate enzyme (e.g. Cfol). The restriction digest obtained can then be analyzed by a 
variety of means. As shown in Figure 20. the three isotypes of apolipoprotein E (E2. E3 and 
E4 have different nucleic acid sequences and therefore also have distinguishable molecular 
weight values. 

As shown in Figure 21 A-C. different Apolipoprotein E genotypes exhibit 
difFerem restriction patterns in a 3.5% MetPhor Agarose Gel or 12% polyacrylamide gel. As 
shown in Figures 22 and 23. the various apolipoprotein E genotypes can also be accurately 
and rapidly determined by mass spectrometry. 

t 

E. x a mnlf * Detection nfhfflaritk R vim* in sampl^ 

MATERIALS AND METHODS 

i 

Sample preparation 

Phenol/choloform extraction of viral DNA and the final ethanol precipitation 
was done according to standard protocols. 

First PCR: 

Each reaction was performed with 5ul of the DNA preparation from serum. 
15 pmol of each primer and 2 units Taq DNA polymerase (Perkin Elmer. WeiterstadL 
Germany) were used. The final concentration of each dNTP was 200uM. the final volume of 
the reaction was 50 ul. lOx PCR buffer (Perkin Elmer. WeiterstadL Germany) contained 100 
raM Tris-HCl. pH 8.3. 500 mM KCl. 15 mM MeCH. 0.01% gelatine iw/vi. 
Primer sequences: 

Primer 1 : 5'-GCTTTGGGGCATGGACATTGACCCGTATAA- 3 ' ( SEQ ID NO . 5 , 
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Pnmer 2: 5'- 




-3 ' 



(SEQ ID NO. 6 



preach dNTP, 5 „, I0 „ £ °™ ' «« ' —„ of 300 

-M (NH 4)2S 0 4 . 30 mM M gS04 . .%T ri ,o„X.ro^« P " 8 s 3 ' ,0 ° mMKCl - ""> 
Germany, were used in a final volume 50 ul Th. ^ratagene. Heidelberg. 

'0 ■hermocvcler (OmniGene. MWMIo^^TT" *" * " 

program: 93-C for I minuK . o0 . c for , ^^T7' ^ "* f ° ,,0Win8 

Sequence of ougodeoxynucleondes (purchZ w L c Ifr i T 2 ° 

Germany): ipurcnased HPLC-punfied at MWG-Biotech. Ebersberg. 

HBV13: 5'-TTGCCTGAGTGCAGTATGG' r -3 ' 




20 



>5 



For the recording of each spectrum, one PCR sn . / _r 
above) was used. Purification was done ac^Z to ,H " ^ ^ 33 deXTibcd 

- done using Uitrairee-MC filtration ^^^^^r*™ 
*e protocol of the provider with centrifugatio "a t 8 Z m ^ " 3CCOrding l ° 

-eptavidin Dynabeads (Dynal. Hamburg ZZ^Z^ ^ ^ W> 
instructions of the manufacturer and n^^^J^^^ "° "* 
pH7.5. ImM EDTA ^MNaCH TV ^'"^'^B^bufferdOmMTris-HCl. 
narauon unit and the mtxture wis ^2^^ £ ~ — - * - 
Kmperature. The suspension was transferred in a I s Z P ! J * 
was removed wi th the aid of a Magnet, Panicle Co U^^^ ^ 
Germany, The beads were washed twice with 50 ul of 0 7 M « 

8-0 (the supernatant was removed each tune us.ne the ^C, " ~™ «"* * 
be .accomplished by usuig formamide at 90'C ^ 86 ^ *" beadS Can 

about an hour and suspended Z * of ultL T"" ^ 3 

Eschbom Germanv, T L J P WatCr ' Mi,li ° UF P |us Mil, iP™- 

• Germam ,. Th.s preparer was used for MALDI-TOF MS analvs.s 



MAf nf.jnp ^cj. 



Haifa microliter of the samnle «,« j 

""mediately mixed w,th 0.5 * matrix 1^77 ^ ;"° ^ ^ ^ 
acctonitrile 70 m M a M^-hydroxypicoiinic acid 50% 

acctomtnle. 70 mM ammonium citrate). This mixture was dried at » mM , 

-ntroduced into the mass spectrometer. All spectra were ^en in ooT "* 
Finnigan MAT Vision 2000 fFinnigan MAT Bremen C * '° n USi " g * 

gan MA I Bremen. Germany), equipped with a reflectron 
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ft kcV ,„„ source. 20 k.V pos.accdera.ion, and a 337 nm nta,^ laser . Caljbnuion 
«~ w,th a mtxrure of a 40mer and a , OOme, ^„ ^ ^ measured ™ ^ 

la«r energ.es. In the negative samples, the PCR product was detected neither vvithleTnor 
«* h, S her laser enetgies. to the positive samples rhc PCR product was dete^d a, d m 
Places of the sample spo, and also wi,h varvinc laser energies 



Result*, 
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A nested PCR system was used for the deoction of HBV DNA in blood 
» "'^nucleotides complementary ,. the . region of the HBV 

1 : begmmng at map position 1 763. primer 2 begintunga, map position 2032 of the 
complementary *mnd) encoding the HB V core antigen (HBVcAg). DNA was isolated tarn 

patients serum according to standard protocols A f™ nr-p _t 

protocols. A first PCR was performed with the DNA 

rrom these preparanons using a first set of primers If HBV nm ^ A 
DNA flagmen, of 269 bp was gen«ated. " ^ a 

the PCR fn^T' ^ ""f? Primera ^ ""■P'^'ary to a region within 
^ R fiagmem geaOTMd » *« ^R were used. If HBV reUted PCR products were 
Presentm the firs, PCR a DNA fragment of 67 bp was general (see Fig. J^ZL 
POL The usage .f a nested PCR system for deletion provides a high sensitivitv and aT 
~v« as a speetficty con.ro. for the external PCR (Rolfs. A. , at.. PCR: Clinica! 
D^sacsand Research. Springer. Heidelberg. , W2 , A ^ „ ^ 

dZL fTT T*" ta *' SCCOnd PCR b - — • an unproblematic 

dettction although pimfication losses can not be avoided. 

imm^lt • ^ SaD "" eS PUrif!ed USi " 8 "'««''■*>» to remove me primers prior to 
™mob.,,za,,on on streptavidin Dynabeads. This purification was done because the snorter 
pnmer fragments were immobilized in higher yield on the beads due to steric reasons. The 
.rnmobthzanon was done directly on the ultrafiltration membrane to avoid substance losses 
due to unspectfic absorption on the membrane. Following immobilization, the beads were 

IcTdi T" ,"3" Z CiMtt " Perf ° nn Ca "° n (PtelK - U « "•- <""» > Nucleic 

Acds Res 2 1 :j 1 9 1 -3 1 96). The immobilized DNA was cleaved from the beads using -5% 

ammonta which allows cleavage of DNA from the beads in a very short time, bu, does no, 
result in an introduction of sodium cations. 

The nested PCRs and the MALDI TOF analysis were performed without 
knowing the results of serological analysis. Due to the unknown virus titer, each sample of 
the first PCR was used undiluted as template and in a 1:10 dilution, respective! v 
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SarnpJe ] was collected from 
«- Positive u, HBs- and HBe-amigen tests «*" ™ V i„f KIion who 

a serum sample fan, . patien, ^ ac ^B v'T •" * °' b '°' S *"* 2 »as 

HB V posinV. jn . do , Wol J- HB V nfectton ^ , ^ 

'■vcr disease was detected. ,„ au,„radi„g ra ph^t ""l ° f mdicatm, 
sample was „=ga liv , Nevertheless. ^ *■« the fa, PCR of te " 

■s of interest for MALDI-TOF anlavsis. b^Td " ™ V infcC " OT - ™« -H. 

of PCR products ^ ^ - =v TO low . leve , 

pauen, who — «— of HBV infecIion . SaZ^anH ^ 4 *» ' 

a chrome active HBV infection. * WCre from patients 

F ' eure 24 snows the results of a p«r-c . 
PCR product is Cearlv revealed in samples , , jTaTf f ^ — " — ion. A 
generated, i, is indeed HBV negative, accordm", ^ * *° d «• ln ""P* 4 no PCR product was 
Positive controis are indicated bv * and «srl T N ^»« and 

<— 2- 5. 6 and , if ^ ZZ ^'"'"^'"' - h 

■emplatewasusedina 1:10 dilution. I„sample3 p^™^* Wm M *<**™* « 4* 
Wnplate was not diluted. The results of PAGE , ' 0nly if *e 

» obuined bv serological analyse except Z ^ZT ^ «» *— 

v *«r sample 3 as discussed above. 

Figure 25A shows a mass sn#rfB . 
""".ber , generated and purified as descried ^" iT*" P"*"" fran *>">P'e 
single stranded PCR product <ca.cu.ated- 20735 aT ° * 20754 03 

25 PCR cleaved from the beadsi Tne n^ H-f ° f ^ — * * 

■wss is 1 9 Da (0.00%,. As simwi in R ' ~ ™ a d,fifere nce of calculated and obtamed 

PCR product, resulting ,„ an unambiguously ' l"*""" ' ™>™ « 

*> «. .34 - - ~^l5r^^Z^- ft0,n — * — - 3 " ^ s depicted in 
from sample number I . Nevertheless the PCR .!' " 'ower man that 

20751 Da .calculated 20735,. The mass dif^ " n ™ led ' "»« of 

in Fio -»<r , ne mass dl «erence is 16 Da (0 0X»/„i n, 

K. , "" d fr ° m ^ nurab « 4 which is HB V SPeCm "" 

R. As expected no signals corresponding to £ t£ " Z ^ " Sh0W " 
samples shown in Fig. 25 were analv Md with 1^0, TO F T" °* de,eC " d - A " 
o«ec«d in all HBV positive samples, but not in £ H B l n " '"° dU " ™ 

reproduced in several independent experiment ° ^ raulK 

^^ntPle 6 An«lv.i.^n j. 

A ,a MAi.nr.Top Mn 
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MATERIALS AND METHODS 

Oligodeoxynucleoiides 



10 



15 



20 



12. Pp. 4539^577). The ojigodcox.^ucleoridcs we™ '£ H p/c "Tf *» ' V °' 
according io sondard protocols. Tne bioiinvl,,^ , , • HPLC "P ,mfied and d=pro,ec,ed 
(HPLCpurified, ^ BiofneIra . oo^^^^'^ ^ 

Sequences and calculated ma« M rt r i • 
Oligodcox.vnuci.oud, A T^-IZtc^"^ ^ 

Oligodeoxynucleotide B. 5'. D - 4 rrn»^, 

No.,0, P AGCA ACGACTGTTTGCCCGCCAGTTG (7948 Da> (SEQ ID 

Oligodeoxynucleotide C: 5 • -bi-.Tir,™. 

<DN„.„, -^""^^ACCGCGTCGCACAAc ,7,60 Da, ,SEQ 



No. 12) 



AACTGGCGGGCAAACAGTCGTTGCT 



25 



S •-Phosphorylation of oligonucleotides A and D 

» according' ' B " h ' ing < r - 
used unpurified for LCR. -phosphorylaied oligonucleotides were 



Ligase chain reaction 



0 



The LCR was performed with Pf„ hm * ■ ■ 
•Suatagene. Heideioerg. Germany, con J^^bT * ^ " * 
carrying ,ne wi,d,ype form of .he £.00// lacl geTaTZu, P ' "^'""^ ^ 

-* a single poin, mumion a, bp ,9, of the ^gTne " °" 3 mUm " <"' •*» 

-h S-pnospborylared ^^Z^T r m ^ * « J >-< 
oligonucleotide. 4 U />/"„ DNA lipase ,n Ir , , BOI H>h(«phoryta e d 
reaction buffer ,S M Jene. HeS ^ * ° N * "~ 

ss .0-mer was used „ ^ , ^ i^ Zl"CT w a^T ^ 
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SSTt A " reaCU °T WCrc W ' «>»■««. MW G -B,o,ech 

Ebersberg. Germany, w.U> the following prosram: 4 mmmK , * 

cycies oHO second, o,. c . 40 seconds 60'C. Excep, ft, „P LC m^ZZ^ d 
educ, C was used. ,n a cone™, expe rim e m th e bio.invla.ed J „o„ b o^ a ^ 
= ol.gonucleoudes revealed the same gel electrophoretic results Th._ 

o^po^dege, L ,ga,,on product , .iTlS^XtST 

Da. ligation product 2 (oligo C and D) calculated mass: 1 5387 Da. 

' 0 (Phar™, P "I" 'T*' HPLC " £ HPLC> « - SMART-svstem 
(Pharmacia. Freiburg. Germany) using a Pharmacia Mono OPCIM/i 

buffer A (25 mM Tris-Hd. 1 mM EDTA and 0 3 M N a Q I oH 8 m d K 7 ?"~ "~ 
A. bu, 1 M NaCI). Suming with 100% A for , " pH 80) and buflir C«™« as 

- applied aom 0 .o W ,f B ^ ' 

5 a. . 00% B for 5 minu,es. Two pooled LCR vollel^ ■ !° m,m " M Wd 

or muan, opiate were injecJT ' ° PCTf ° nMd eilhCT 

Sample preparation for MALDI- TO F-MS 

Preparation of immobilized DN a f„, .u. .. 
) LCR«/«rf ■ . . «»«auiNA. For the recording of each spectrum two 

3 l<-ks (performed as described above) we«. . , 

_ . , r „, aoove; were pooled and diluted : I with 2x B/W buffer ( ! n 

mM Tns-HCl. pH 7.5. ImM EDTA. 2 M NaCI. T« rh. , - • ° 
p. 1 r « a <-i). lo the samples 3 ul strentavidin 

DynaBeads (Dynal. Hamburg. Germany ) were *m.a .u streptavidm 

een.l, «h,i, V • S yJ ere ^ dedthem «ture was allowed to bind with 

gentle shaking for 1 5 minutes at ambient temDeraw™. tk- <- 

V/ . . _ . , _ icmperature. The supernatant was removed usino a 

Magnetic Panicle Collector. MPC fDvnai H a «i,.. ^ us,ng a 

rwice with ... n fn n Hamburg. Germany) and the beads were washed 

rwice with 50 ul of 0.7 M ammonium citrate solution rnH R m ,.u 

. . solution (pH 8.0) (the supernatant was removed 

-ch «me us.ng u,e MPC,. The beads were resuspended in lul of uta^ JST 
MU .pore. Bedford. MA. USA,. This suspension was direc.lv used for MALD.-TO^MS 
analysis as described below. 

of sneer™ C °^nation of ultrafiltration and streptavidin DynaBeads: For the recording 

buS aT L ^ Pe *™ d 35 *™> were pooled, diluted , : 1 with 2x B/W 

buffer and concentrated w„h a 5000 NMWL Ultrafree-MC filter unit (Millipore. Eschbom 
Germany) according to the mstructions of the manufacturer. After concentT.on 
were washed with 300 ul Ix B/W buffer to streptavidin DynaBeads were added. rTZ s 
were washed once on the Ultrafree-MC filtration unit with 300 ul of lx B/W buffer and 

processed as described above. The beads were r«.,cn,.^^ ,„ , 

" c were resuspended in 30 to 30 ul of 1 x B'W buffer 

and transferred ,n a 1.5 ml Eppendorf tube. The supernatant was removed and the beads 
were washed twice with 50 ul of 0.7 M ammonium citrate (pH 8.0). Finai.v. the beads were 
washed once with30 ul of acetone and resuspended in 1 ul of ultrapure water. The ligation 
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mixture after immobilization on the beads was used for MALDS-TOF-MS analvs,s as 
described below. * 

MALDl-TOF-MS 

' DNA» A ^" sio "-=f^P>avidin^c a ,ed m agne.ic beads w ilh U,e immobiliad 
DNA warned omo I* ^ „ o|der , hm W'«d 

1 3 - h «»' ini = ■« »» ace,on M e. 70 mM ammoniu^", 
was dned a, ambicn, tralpmnire and .produced i„,o me mass specter 

MAT. Bremen. Germany), equipped whh a reflectton ,5 keV ion source ^0 keV 
P^xelenuon, and a nmogen ,aser ,337 nm, For ^ ^ of ^ ^ 

d^bTLT n r d0n * e ■ MI cfma™ sohaion and p^ as 

^*d above. For me ana,v si s of „ LCRs , „ of an LCR was J^J 

RESULTS AND DISCUSSION 

The £ co// /ad gene served as a simple model system to investigate the 

™* °r^T° F " MS 25 ^ method for — ~ ^Ln 

^ T ^ ° fan ^P- ■« in a pBfuescnpt KII 

Phagcrrudandanr. coii lad gene carrying a single point mutation at bp 191 (CtoT - 

ZZITZ T ^ differCnl «« used, which were 

Iigated only ,f the £. col, loci wildrype gene was present (Figure 26). 

»™, r C ° nditionS were opdniiad using Pfu DNA ligase to obtain at least I 

pmol hgauon product in each positive reaction. The ligation reactions were analvzed bv 

gcl :!rr phoresis ( page) ^ ^ » smart (Fi ^ s 27 . 

nclve LC R ^ ^ 3 PAGE ° f 3 " LCR • Cane 1 , a 

Iduc^r "° tCmP,ate - gd C,eCtro P hore - shows that the ligation 

temoZ P> ^ Pr ° dUCed ° n,y " reaCt, ° n WUdW tem ^ "either the 

template carrvmg the pent mutation nor the control reacuon with salmon sperm DNA 

generated amplification products. In Figure 28. HPLC was used to analvze two pooled LCRs 

wuh wtldtype template performed under the same conditions. The ligation product was 

clearly revealed. Figure 29 shows the results of a HPLC in which two pooled negative LCRs 

with mutant template were analyzed. These chromatograms confirm the data shown in 

Figure Jl and the results taken together clearly demonstrate, that the svstem generates 

hgauon products in a significant amount only if the wildrype template* provided 
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Appropriate control runs were nrrfni-m,^ ^ u 

different compound, involved in the LCR e*^™ " I" I ' lncs of the 

~r ... experiments. These inc ude the four 

oligonucleotides (A. B. C. and D). a synthetic ds 50-mer (with the ' 

ligation product), the wildrvpe template DNa son , J T 33 1116 

5 hwa r • ,• opiate una. sonicated salmon sperm DNA anri rh. 

^ DNA ligase in ligation buffer. d the p f u 

reaction can J^~^£Tr~" - - «» a LCR 

and aliouots of L^ZZ^^^T T"*"' ^ 3 ° A » 
'0 MS. It turned ou. tha, appropriate JtZ^ MA ">'-TOF. 

flfr DNA ligase. The calculi mass value, of olieo A Z,T, ° f 
and , 5450 Da. respective*. The data in Fie™ » 1 T ^ ga "°" " 75 " 1 Da 

mass signals which d „ inKrfere ^ " *"* *» *• -I™ ■**» leads to 

■ S and therefore ma.es an «J^ZCZ? T™ ^ ^ ""^ 
showed s i?M ls of the ^T^^ZZ^Z! ^ *» ^ 
influences the crystaltization behavior of the l^el ^ ^ "** 

me anaiyte/matnx mixrure in an unfavorable way. 

A** 3 , 26-3 1 3 n thJT !^ «='"«vely (Tang. Ketal., (1995) Af«te 

» »* are desorhed (Tang. K . «. ^ ^T2T S "-"^ *°* 

^|ng to broad s lgM * depending on .he mass S-^^.^ £Z 

z ?, * " B rr* fc, , LCR oo ' y *• non - ,isaMd ob ^"* - . — 

oa, ^^e^s r B " — 15450 

0 coated beads Thi< r« ■ , - ated at * e 3 - end and immobilized on steptavidin- 

pro^ca " m 3 S,mP ' C ^ — Wiuou, —ation of the LCR educts and 

LCRs (perform^ 3 ,A fn * MALDI - TOF — obtained from two pooled 

CKS (Performed as desenbed above ) purified on stwrn*^;.. r, n , 
directlv fro m ,k- k ,. _ . pumiea on streptavidin DynaBeads and desorbed 
uirecm from the beads showed that the Durificarinr. ™..u . 

with Fieure 30> a u u W^on method used was efficient (compared 

th Figure 30). A s.gnal which represents the unligated oligo A and a signal which 

corresponds to the ligation product could be detected tt, 

. K ^ couia oe detected. The agreement between the calculated 

and the experimentally found mass values is rernarieahle a „H .. calculated 
, - , - " 15 rcnwicaoie and allows an unambieuous r*-*L- 

assignment and accurate detection of the lieation nrodur, r "namoiguous peak 

me ligation product. In contrast, no ligation product but 
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only oligo A could be detected in the spectrum obtained from two pooled LCRs with mutated 
template (Figure 3 IB). The specificity and selectivity of the LCR conditions and the 
sensitivirv of the MALDI-TOF detection is further demonstrated when performine the 
ligation react.on in the absence of a specific template. Figure 32 shows a spectrum obtained 
from two pooled LCRs in which only salmon sperm DNA was used as a necative control 
only oligo A could be detected, as expected. 

While the results shown in Figure 31 A can be correlated to lane 1 of the gel in 
Figure 27. the spectrum shown in Figure 3 IB is equivalent to lane 2 in Figure 27 and finally 
also the spectrum in Figure 32 corresponds to lane 3 in Figure 27. The results are in 
congruence with the HPLC analysis presented in Figures 28 and 29 While both gel 
electrophoresis (Figure 27) and HPLC (Figures 28 and 29) reveal either an excess or almost 
equal amounts of ligation product over ligation educts. the analysis bv MALDI-TOF mass 
spectrometry produces a smaller signal for the ligation product (Figure 3 1 A). 

The lower intensity of the ligation product signal could be due to different 
desorpuon/ionization efficiencies between 24- and a 50-mer. Since the T m value of a duplex 
with 50 compared to 24 base pairs is significantly higher, more 24-mer could be desorbed A 
reduction ui signal intensity can also result from a higher degree of fragmentation in case of 
the longer oligonucleotides. 

* 

Regardless of the purification with streptavidin DvnaBeads. Figure 3"» reveals 
traces of Tween20 in the region around 2000 Da. Substances with a viscous consistence 
negatively influence the process of crystallization and therefore can be detrimental to mass 
spectrometer analysis. Tween20 and also glycerol which are pan of enzvme storage buffers 
therefore should be removed entirely prior to mass spectrometer analvsis. For this reason an 
improved purification procedure which includes an additional ultrafiltration step prior to 
treatment with DvnaBeads was investigated. Indeed, this sample purification resulted in a 
significant improvement of MALDI-TOF mass spectrometric performance. 

Figure 33 shows spectra obtained from two pooled positive (33A) and 
negative (33B) LCRs. respectively. The positive reaction was performed with a chemicallv 
synthesized, single strand 50mer as template with a sequence equivalent to the ligation 
product of oligo C and D. Oligo C was 5-biotinylated. Therefore the template was not 
detected. As expected, only the ligation product of Oligo A and B (calculated mass 15450 
Da) could be desorbed from the immobilized and Iigated oligo C and D. This newly 
generated DNA fragment is represented by the mass signal of 15448 Da in Figure 3 3 A. 
Compared to Figure 32 A. this spectrum clearly shows that this method of sample preparation 
produces signals with improved resolution and intensitv. 
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10 



sma,. d^^JSt^tfrf'"" ^ ><""' ■»«« and 

5 35 weu 33 smalJ -nsertions in amplified DNa t>,» l . . 

extension of a deletion primer ^ ^ ^ ""M » o„ *. 

-PHW , OTpl a tt . using . dna ™T™ ^ P ° Si "°" » " 

by MALDI-TOF mass specrromerrv wij^ 7 ~ 

blowing experts was » define - J^I^ST, ^ 7" °' "* 

manner. - ai'eles in a fast and reliable 



15 



Description of the experiment 



20 



cx.ns.on step .^^^^ ~ * ■ °"~de 
^ alleles which can be easily S^^* * — « 
method is described by using an example the l^^C^^T^ * 
gene bears the most common mutation in many JL ^^Z^' V* 
homozygous state to the clinical phenotype of cystic fibrosis ^ 

MATERIALS AND METHODS 

Genomic DNA 

homo - G u Cn0niiC ° NA Were obtai "^ from healthy mdividuals. individuals 
homozygous or heterozygous for the apsmi ~ . • mujviauais 

«- 1 506S mu,a ti o„. The ^^^177,°" '"''^ * 

sequencing. ^' a "" eS WOT confi ™ <! ' i * Sanger 

PCR amplification o] exon 10 o) the CFTR gene 
The primers for PCR amplificauon were CFExlO-F (5 
CCAACTGAATCCTGAGCOTGO- (SEO ID N„ 

and CFE*,0-R <5 -GTGTGAAGGGCGTG-3 ,SEO '^7lZ ' " - ^'"^ 
PHmers were used in a concen^auon^Ilo, SI ""T""- 1 — "»' 
purchased from Boehringer-Ma^heim o^Z 7 ^2 ^ ^ 
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Purification of the PCR products 

Amplification products were purified by using Qiagen's PCR purification kit 
(No. 28106) according to manufacturer's instructions. The elution of the purified products 
from the column was done in 50 ul TE-buffer ( 1 OmM Tris. 1 mM EDTA. pH 7.5). 

Affinity-capture and denaiuration of the double stranded DNA 
10 uL aliquots of the purified PCR product were transferred to one well of a 
areptav,din-coated microtiter plate (No. 1 645684 Boehringer-Mannheim or Noo WW 
Labsystems). Subsequently. 10 ul incubation buffer (80 mM sodium phosphate 400 mM 
NaCl. O.40/0 Tween20. P H 7.5) and 30 ul water were added. After incubation for 1 hour at 
room temperature the wells were washed three times with 200ul washing buffer (40 mM Tris 
1 mM EDTA. 50 mM NaCl. 0.1% Tween 20. pH8.8 ). To denaturate the double stranded 
DNA the wells were treated with 100 ul of a 50 mM NaOH solution for 3 min. Hence, the 
wells were washed three times with 200 ul washing buffer. 

Oligo base extension reaction 

The annealing of 25 pmoi detection primer (CF508- 
S'CTATATTCATCATAGGAAACACCAO' (SEQ ID No. 15) was performed in 50 ul 
annealing buffer (20 mM Tris. 10 mM KCl. 10 mM (NH^SO* 2 mM MgSO, 1% Triton 
X-100. pH 8. 75) at 50°C for 10 min. The wells were washed three times with ->00 ul 
washing buffer and oncein 200 ul TE buffer. The extension reaction was performed by using 
some components of the DNA sequencing kit from USB (No. 70770) and dNTPs or ddNTPs 
from Pharmacia. The total reaction volume was 45 ul. consisting of 21 ul water. 6 ul 
Sequenase-buffer. 3 ul 1 0 mM DTT solution. 4.5 ul. 0.5 mM of three dNTPs. 4.5 ul. 2 mM 
the missing one ddNTP. 5.5 ul glycerol enzyme diluton buffer. 0.25 ul Sequenase 2.0. and 
0.25 pyrophosphatase. The reaction was pipetted on ice and then incubated for 1 5 min at 
room temperature and for 5 min at 37°C. Hence, the wells were washed three times with 200 
Ml washing buffer and once with 60 ul of a 70 mM NH 4 -Citrate solution. 

Denaiuration and precipitation of the extended primer 
The extended primer was denatured in 50 ul 1 0%-DMSO (dimethy Isufoxide ) 
in water at 80°C for 10 min. For precipitation. 10 ul NH4-Acetat (pH 6.5). 0.5 ul glycogen 
( 1 0 mg/ml water. Sigma No. Gl 765). and 1 00 ul absolute ethanol were added to the 
supernatant and incubated for 1 hour at room temperature. After centrifugation at 13.000 g 
for 10 min the pellet was washed in 70% ethanol and resuspended in 1 uH 8 Mohnvcm H 2 0 



water. 



Sample preparation and analysis on MALDI-TOF mass spectrometry 



10 
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SampJe preparation was perform u 
V M -"^.vP-iinic acd. 0.07 M ^™rr' Xm - e ° J ° f ^ ° r ™** Nation 
of resuspended DNA/glycogen pellet „„ a Z," ° n,Ura ""^ » 1 ; ' H:0:CH ; CN, J 

™ied Thermo . ^ the source regjon P o -° 

^ectron mode with , Md , 0 kv on ^ =000 MALDI-TOF opera Kd m 

Theorencal average molecular ^ *" *> d «""-rs.on dynode. respective 

~ experimental Mr ^ were calcu^d ^ a , om , c composi[ 

determmed using external calibration. s '"Sl.v-protonated fonn 



RESULTS 



The aim of the experiment wa* .„ j , 
"dependent of exact soingencies for J^T »«■"*» • »d re,iab.c memod 

' 5 in the diagnosts of geneUc ^ *« - «* «uaUry and nigh 

Congo base extension of one mutation detec^on' * ** ° f DNA 

*c resulting mini-seouencing products ^2* ' «* 
(MALW, mass V-vm^ZJ^^*™"-* «-r desorption ionization 
chosen as a possible ^ Z^^^f"* <™F> reflect arrangement was 
20 ^Performed wi* «„n .0 of the CFT^ JTT *" «— *■ 

■="«.cal phenorype of cystic fibrosa the ^ ^ — — «* <ead to tn e 
Population. «>= most common monogenetic disease in me Caucasian 

* ~„ g pro^strt es^se? F r 34 *~ - ™ -« 

^ous muations of exon 10 of me CFTpI^^ — of *• ««W — 

Produced using either ddTTP (Figure 54 A , JZt££" «"•*■» w « 

*quencc related stop in the nascen, DNA ,L d ?U " 3 " B ' iDlroduct a «W« 

mutation heterozygous, and mutation nomoT MALO, - T OF-MS spectra of heaithv. 

'0 A„ samp.es were confirmed bv ^ ™ " d '» * ' 

comparison to me mass spec analysis. Thetc "° ««W » 

• anous molecular masses was within a ^mental measurements of Uk 

-nge expected. This is a definitive inter^n f K ^ ' da "°" < D °< » 

. '"vantage of this procedure iste Z1k rcSUl,S '"^ A 

' * ddTTP action, me wildtype ^^^TT ^ mUU "° n 
«ree base pair deletion would be disclosed ^ the ddCTP 

reaction the 



The method descrih#»H u- i_ ( 
-actions or mtcrolesions of DNA cl^I ^ ** Pom, 

Car.ru. cho.ee of the muution detection primers will 
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open the window of multiplexing and lead to a hi «,h »», • . 

geneae diagnosis wiu.ou.anv rJed for^l " ^ qUaii * in 

specific procedures. Because ^ ^ * 

«— of n.u» D o„ dcecrion pHrTu^ e^„ X •' " °' ig ° '"" 

»*» i„ the genome m vari . ble numbCT : ^ ° r h PO,V ™ 
nucieoud. polvrnorptams (e.g.. apo,ipopro,ein E ' ^ ° r 

EM,nP ' e ^ ^r i0 " ° f ™™ Ctai " «— Coring 7 . 

Deazapunne Moi«i M with Maoix-Assisttd Laser Desom,iJ/. 
Time^f-High, (MALDI-TOF) Mass SpacJ^ °" 



MATERIALS 



PCR amplifications 



primer I 
primer 2: 
primer 3 : 
primer 4: 
primer 5: 
primer 6; 
primer 7: 



5 -^TCACCCTCGACCTGCAG (SEQ. ID. NO. ,6): 
5 -TTGTAAAACGACGGCCAGT (SEQ. ID. NO 17V 
5'-CTTCCACCOCGATOTTGA (SEQ. ID. NO. 18) ' 
5'-CAGGAAACAGCTATGAC (SEQ. ID. NO 19)-' 
5 -GTAAAACGACGGCCAGT (SEQ. ID. NO. 20);' 

(g: RiboG) (SEQ. ID. NO -> IV 
o -GTTGTAAAACGAGGGCCAgT (g: RiboG) (SEQ. ID. NO. 22); 



The 99-mer and 200-mer DNA «nn^ . 
the ribo- and 7-deaza modify ,nn 'modified and unmodified) as well as 

( exo( - )Pseudococcus furiosuz <Pfm -Buffer Pha™ r u ""^ M e SO "- 

-h dNTP (Pharmacia. Freiburg ^^IT^. 0 ^^ °~ ~" L 

DN A polvmerasc rS.ra.agene. L^^^ " "* "™ d ' ° f «~» * 
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For the 99-mer primers 1 and "> for the ->nn ~ 
1 00-mcr primers 6 and 7 were used. To obtain' 7 d ' "* 3 "* for 

PCR-ampHficauon dATP and dGTP were replace 'wTtT 

The reaction was performed in a thermal c^Sn J 7 ^^ATP a„ d 7-deaza-dGTP. 
5 Germany using the c y cl e: dena tUra t IOn at 9 1" ^ MWG " B ^ Ebersberg. 
extension at 72»C for , min. For all PCRs the nZL f " " ^ ^ 1 min " 

— - flowed to .tend for addtt.onal ^^2^^ - 

» MUmp, - — > - amplify ^ 

using p nmers 4 ^ 5 ^ other concentration: '^ed T ^ ~ ^ 
"«ng the cycle: denaturation at 95»C for 1 min , feaCt, ° n Was Panned 

at 7 2-C for 1 min. After 30 cvcles for the ^TTj " ^ ** ' ^ and 
^ ^ -"el^^^ ,03- 

Pnmers 1 and 4 were 5-f32.pi i.u^i , , 
(Epicentre Technologies) and (, J2 P ). A TP m^T^° g T ^'™''~tiikinase 

20 Primer 1 and 4 in PCR with the Ubeled primers t^deT^ 0 ™'"' ****** ' °* ° f 
conditions. The amplified DNAs were se^d^ fT"" ° nChi " ,8ed 
polyacrylamide g el. Tne appropriate canT^ l^T" °" * ,0% 
CARB 4cOC ,i,uid scintiUaUon s y s«m "™ - « * ««- ™- 

^-^'-^ffirm ribcmodlficd PCR.produc, 

minute, The solutton was then ZlZ Zt ncT^ T ^ " * 

MALDI-TOF analysis emp,ov.„ 8 Uh Jel MC r ' " ""^ 

0 below. ' 8 UI,rafrM - M C filter un.ts , 1 0.000 NMWL) as described 

Purification of PCR products 

nmwl wmZ^LTc^;* r 0 ir :r usms u,traf ~ Mc 30000 

■yophilisation. PCR products werTreZ^^ a T bmft d «»»"°" 
— - This anal,e solu.cn was direct,^ 1^^^'^ 
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mol/L ;-HPA arrf 0.07 mol/L antmonium cjIrale m ; 
ona flat meallicsample suppor. After drying „ ^ tempOTmre ^ J 
mnoduced ,n,o the mass spectrometer for analysis. The MALDI-TOF mass spectrometer 

HE ' ViSi °" 2000 < F ™*» MAT. Bremen. German,, SpT^re 

recorded ,„ the pos...ve ,00 reflector mode with a 5 keV ion source and '0 keV 
posacceleranon. The instrument was equipped with a nitrogen laser (337 ran wavelength, 
The vacuum of the system was 3-4.,0-S hPa in me analyzer region and ,^,0-Ca TL 

»ne relauve User power, external calibration was performed with a mixture of svmheuT 
oligodeoxynucleoudes (7-to50-mer). syntneuc 



RESULTS AND DISCUSSION 



Enzymatic synthesis of!^eazapur,ne nucleotide containing nucleic 

acids by PCR 



Unorder 10 demonstrate the feasibility of MALDI-TOF MS for the rapid, eel- 
free analysis of short PCR products and „ investigate the effect of 7-dearapurine 
modification of nucleic acids under MALDI-Top 

systems w~ „^ t ™ T ° F condlUo ^ ™> primer-template 



fragments 



^7 u/k;i«»u , — 1 — w^iny^u in rigures JO and 

8 u) r ' ? ^ ° f ^ ,03 ' mCr PCR ^ ^ d ne ^ v «^ — (*»- 

8 u), the two single strands of the 99-mer differed by 526 u. 

svnth^U Considerin 8 *« purine nucleotide building blocks for chemical DNA 

synthes,s are approximately 1 60 times more expensive than regular ones (Product 
Information. Glen Research Corporation. Sterling. V A ) and their application in standard P - 
cyano-phosphoamidite chemistry is not trivial (Product Information. Glen Research 
Corporation. Sterling. VA: Schneider . K and B.T. Chan ( 1995) Nucleic Acids Res.23. 1570) 
the cost of 7-deaza purine modified primers would be very high. Therefore, to mcrease the 
apphcab.hty and scope of the method, all PCRs were performed using unmodified 
ohgonucleotide primers which are routinely available. Substituting dATP and dGTP bv c'- 
dATP and c -dGTP in polymerase chain reaction led to products containing a PP rox,matelv 
80 /, 7-deaza-punne modified nucleosides for the 99-mer and 103-mer: and about 90% for the 
-00-mer. respectively. Table I shows the base composition of all PCR products 
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polymerase were able to incorporate c 7 -dATP anH ^r-rn j - 

performance, however, tunj^u, to tall^^L^^ " ™= «— 
side producu during amplification Usi M all ,h™. , Polymerase giving leas, 

employe c'-dATP and c^GTP ^ » "« *« such PCRs 

• cleans P CR .pro d uc, O^Z^^T *™< ta giving 
"Plained b.v a Auction of primer ^1/^"°° ^ ■» 
formed from me primer and me *" '° ° '° WCT ° f - <ompl« 

during PCR. Decreased m..ung pt^or dZTT"* "*"* * 

•«n described (Mizusawa. s « ^7 «6> v , ' C0,Uai,,ine 7 *-*1»»- I— 

iaum wa.a.et ai.. ( 1 986) Nucleic Acids Res 14 nio r-,,, , 

» <oe three polymerase specified above («o<.) Deep Venf DNA , " add " i ° n 

polymerase and «o<-) <», Idna doI™»J, * P°'>™"*se. Vent DNA 

as me Large Klenow ^^^^Z^T' ** ^ "'t^' ^ 
»d U AmpliTao DNA polymerase can tW^T ^ * 

RNA polymerases, such as the SP6 or the ^na T " ** ,en,pUtt - 

or tne T7 RNA polymerase, must be used 



^ 99 " mer - • 03-mer and 200-mw Pre _ 

20 TOF MS. Based on past exr*™^ u ProdUCtS Wcre by MALDI- 

un pasi expenence, it was known that rh*. ^ ^ 

the laser energy used for desomtion » n A • ^ ° f de P unM *» depends on 

^puritZdifica^tizi rrx^ 

were measured a, the saTrelauC.^ e^y '° ^ """^ 

1 

5 ■ 03-mer nuc.eS TZZZZ^TZ* " - — " 

(MHO- signal. The maximum of £££ TJ^Z^T^ — ' 
mass represent a mean value of ( M*H^1, ^ '7™« » *« *• — «— 
*e (M+H)~ signal itself. Although d,e moTedTo- °, ^ 

from the oligonucleotide primers i, stw^e-l - "* * ° 

-or, narrow ^ ^t^SZT^T, " ^ * mU < h 
depurinatton. is subsantiallv reduced H«ce iheTff Z "* " 

calculated mass is strongly reduced 1^ Z ^ £~ " T™" ^ 
unmodified sample a «* signal of 3 lo70 ^^S^ o^T 
difference to the calculated mass. While in case of th. m ^ r-J , 
diminished ,. ,0 u or 0.03V. 0m3 „ fbun^ ^caT^.T K ~ **— 
verified bv a significant increase in mass £j ^ ™~ « 

—.,«,*.-„., oppose to , . for the unmodified samp, ^ l ^TL 
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l. 

2. 

3 . 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

IX. 

X2. 

X3. 

14. 

15. 

16. 

17. 



ddATP 
5491.6 

6078 .0 



7009.6 



7941.2 



8872.8 



TABLE III (Continued) 

ddCTP ddGTP ddTTp 

5491.6 5491.6 5491 ^ 
5764 . 8 



6696.4 



7628 . 0 



8559.6 



9491.2 



'.3380.4.4 



10422.88 



25 



30 



X8. 10736.0 

19. 

20. 

21. 11667.6 
22. 

23. 

24. 12599.2 

25. 

26. 

27. 

28. 13835.0 
29. 



11354.4 



12286.0 



35 



40 



45 



30. 

31. 

32. 

33 . 

34. 

35. 

36. 

37. 

38 . 

39. 

40. 

41. 

42. 

43 . 

44 . 

45 . 
46. 



13521.8 



14124.2 



14742.6 



1S360.0 
15673.2 



15962.4 
16251.6 



6407.2 



7338.8 



8270.4 



9202.0 



10133.6 



1106S.2 



11996.8 



12928.4 



14453 .4 



16894 . 0 
17207.2 



16580.8 



17800.6 
18089.8 
18379.0 



19012 .4 
19341.6 



13232.6 



15046.8 



1751Z.4 



18683.2 
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since the share of unmodified purines originating from the primer increases with decreasing 
length of the amplified sequence. 

The remarkable properties of 7-deazapurine modified nucleic acids can be 
explained by either more effective desorption and/or ionization, increased ion stability and/or 
a lower denaturation energy of the double stranded purine modified nucleic acid. The 
exchange of the N-7 for a methine group results in the loss of one acceptor for a hvdrogen 
bond which influences the ability of the nucleic acid to form secondary- structures due to non- 
Watson-Crick base pairing (Seela. F. and A. Kehne (1987) Biochemists. 26. 2232-2238 ) 
which should be a reason for better desorption during the MALDI process. In addition to this 
the aromatic system of 7-deazapurine has a lower electron density that weakens Watson- 
Crick base pairing resulting in a decreased melting point (Mizusawa. S. et al.. (1986) Nucleic 
AcidsRes.. 14. 13 19- 1324) of the double-strand. This effect may decrease the energy needed 
for denaturation of the duplex in the MALDI process. These aspects as well as the loss of a 
site which probably will carry a positive charge on the N-7 nitrogen renders the 7- 
deazapurine modified nucleic acid less polar and may promote the effectiveness of 
desorption. 

Because of the absence of N-7 as proton acceptor and the decreased 
n of the C-N bond in 7-deazapurine nucleosides depurination following the 
mecnaiustns established for hydrolysis in solution is prevented. Although a direct correlation 
of reactions in solution and in the gas phase is problematic less fragmentation due to 
depurination of the modified nucleic acids can be expected in the MALDI process. 
Depurination may either be accompanied by loss of charge which decreases the total yield of 
25 charged species or it may produce charged fragmentation products which decreases the 
intensity of the non fragmented molecular ion sienal 



15 



20 



30 



The observation of both increased sensitivity and decreased peak tailing of the 
(M+Hr signals on the lower mass side due to decreased fragmentation of the 7-deazapurine 
containing samples indicate that the N-7 atom indeed is essential for the mechanism of 
depurination in the MALDI-TOF process. In conclusion. 7-deazapurine containing nucleic 
acids show distinctly increased ion-stability and sensitivity under MALDI-TOF conditions 
and therefore provide for higher mass accuracy and mass resolution. 

35 Example 9: Solid State Sequencing and Mass Spectrometer Detection 



MATERIALS AND METHODS 
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Resolution of MALDI on DNA need. c ,. 
extend the seouencmg ^ ^ "-*»*• ««■■» improved i„ order ,o 

and a reflection TOP Ls J^Z^^T' ^"™um cittatt 
postacceleranon, the resolution of the L * t S ° Uree « nd 20 kv 

*- *> (PWHM, which is CtrC^C 1 ti^ " ^ " — 
^o.ution is also the highest reported for ^DI d^T, T 

— «- - deiayed _ a ,n -H^T ^ 
by reference. «*— - P^ons are he reby incorpo ra ,ed 



*.»■*<.: 



EffiUvalents 



r* 

Those skilled in the art will r^o^- 
*a„ routine experimentation. -.^lET* * *" » -« no more 

herem. Such equivalents are considered X wZ* P ™«™ d ^>*° 

covered by the following claims ^ ° f *»««« and are 
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cxiension. the beads were precipitated and the su»™.„, 

washed twice and suspended in TE and kept at 7™ ^ ^ 




Sequencing complex: 

5-AAGATCTGACCAGGGATTCGGTT 

TGGATGATCCGACGCATCAr AT^r ' T ' ^ ' ue 1 GCT GCT 
10 ONR.PLASM2) UALGCA TCAGATCTGG-(Ab) n .3 (SE Q. ID. NO. 25) 



AGCGTGACTGCTGCTGCTGCTGCTGCTGC 




3'-CTACTAGGCTGCGTAGTC.5' 
No -26) fCMl)(SEQ. rD . 

5 The target TNR.PLASM2 was biotinvlated anH «- 

■fry^trrrrr a ( * rrrrr r 

' Sequencing complex: 

^ACTAOOCTocOTAGTCTCOAGAACCTTGGCTrcSEQ. ,D. No . 2S) 

TE (lx binding and .J buftrt , " ,agne,iC *"* 30 ,M N 'C> and 

^ respec^elv, w „ ^ for se , **« <— ng 0. , c, 0.2 m g of 

P-ous s ,ep * "T"" 8 ™— * a.i q uc, of bead, ^ 

M. volume conBinin8 C^^^^"^ - «»— > <" • • 
M ? C. and 2S0 mM NaCO from d,e S^JZj^^V ^ '°° mM 

•C and allowed «, cool slowlv IO 37- C o!er X t 8 m " tmre W " heaKd M 65 

■hen mixed wiu, ,0 pmol of TSlo ,20 pmol of~TS,o7o'r o'T ^ ^ ^ 
- «** ^ ^ to^^ 0 ^ " ° f ' Ml volume, and 

nm. Then 1 ul 0. 1 M diUUoth™, solution: , M , ^ ouZoTJT™"" 5 "'° 
0.. M MnCU, and 2 u. of dinued Seouenase ,41^ *^ C T" 

*w auuea. i nc reaction mixrurc 
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9- A process of claim 1, wherein the immobilization is reversible. 

1 0. A process of claim I wherein the mass snecrm™, • , 
>g of: Matrix-A^H r r, . T * WXD,neter 1S ***** from the 



CMALDI- 



TOP), Electrospray (ES) Ion CvclotnTp ^o^omzatxon Time-of. F Ii ght 
combinations Zelf ^ CICR) ' Fourier transform and 

II- A process of claim 1, wherein pHor to step d) , te „ 
- a, ,east two ^ -J^C^—^ * ^ 

— ces fa : 3 c~r of r rai: * ™sr is — * 

14. A process of claim 12, wherein the masre rfiff • • 
the mtroduction of mass modifying functionalities toTT dlfferemiatl ° n fa achieved * 
the detector oligonucleotides. * SUgar ° r P hos Phate moiety of 



15 



-X^tSi ;-r n nuc,eic acid ~ *— ^ 

samp' e ^ilS ^ °" " *» a 

»d DMA d e DmdeM ^ p^^™« — triphosphates 

polymerase prior to mass spectrometric detection. 

fingerprint or is'Lp^in I «Z 1" T ^ * ' 

genetic disease, a chromosoma, ZtX a e , ' "* ° f « 

nn.sa, infcenon. a hacteria, infec ^ " * ^ * 

samp',1: cC:^~ f 8 * — " Ud ' iC ~* ~ P-„t in a 
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A 39-mer template (SEQ. ID. No. 23) was first biotinylated at the 3' end by 
adding biotin- 1 4-dATP with terminal transferase. More than one biotin- 1 4-dATP molecule 
could be added by the enzyme. However, since the template was immobilized and remained 
on the beads during MALDL the number of biotin- 1 4-dATP would not affect the mass 
spectra. A 14-mer primer (SEQ. ID. No. 29) was used for the solid-state sequencing. 
MALDI-TOF mass spectra of the four sequencing ladders are shown in Figure 34 and the 
expected theoretical values are shown in Table II. 



Table II 



A-rcaction C-rcacxion C-rcacuon T-reaction 



^"^"^^^^^GGTGCAGGGCCTATTGTAGTTGTG ACGTACA^ A b ) n -3* 

3-TCAACACTGCATGT-5* 4223.8 4223.8 4223.8 
3 # -ATCAACACTGCATGT-5* 452 1 .0 
3M:ATCAACACTGCATGT-5 , 48 1 0.2 

3--ACATCAACACTGCATGT-5* 5 ! 23.4 
3*- AACATC AACACTGCATGT- 5* 5436.6 
3'-TAACATCAACACTGCATGT-5' 
3-ATAACATCAACACTGCATGT-5* 6054.0 
3'-G AT AACATC AACACTGCATGT- T 6383 2 

3X3G AT AACATCAACACTGCATGT.5* 67 j 2 a 

3 '-CGG AT AACATC AACACTGCATGT- 5' 700 1 .6 

3*-CCGGATAACATCAACACTGCATGT-5* 7290.8 
3 , -CCCGGATAACATCAACACTGCATGT-5* 7580.0 
3 , -TCCCGGATaaCATCAACACTGCATGT-5' 
3 '-GTCCCGG ATAACATCAACACTGCATCT- 5* 
3'-CGTCCCGGATAACATCAACACTGCATGT.5' 8502.6 
3'- ACGTCCCGGATAACATC AACACTGCATGT- 5' 8815.8 
3*-CACGTCCCGGATAACATCAACACTGCATGT-5' 9105.0 
3-CCACGTCCCGGATAACATCAACACTGCATGT-5* 9394: 
3-ACCACGTCCCGGATAACATCAACACTGCATGT-5* 9707 4 
3'-GACCACGTCCCGGATAACATCAACACTGCATGT-5* 
3*-GGACCACGTCCCCGATAACATCAACACTGCATGT.5* 
3'-CGGACCACGTCCCGGAT AACATC AACACTGCATGT- 5' 10655.0 
3 -CCGGACCACGTCCCGGATAACATCAACACTGCATGT.5 10944 : 

3-ACCGGACCACGTCCCGGATAACATCAACACTGCATGT-5* I 1 257.4 
3-GACCGGACCACGTCCCGGATAACATCAACACTGCATGT-5* 
3*- AG ACCGG ACC ACGTCCCGG AT AACATC AACACTGC A TGT- 5' 1 1 899.8 



4223 8 



5740.8 



7884.2 

8213.4 



10036.6 
10365.8 



II 586.6 
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acid sequences. WOT "° Producc mobilized target nucleic 

29. A process of claim 28 whemin imm«u-r 
hybrid^ between . complement eapt "a " 
P-viously , . ^ ^ ^ ^ *en 

30. A process of claim 28 wher^tn tu~ « i-j 

' 0 consist of: ^ flat ^i^^^T " *- *e 

31, A process of claim 28 , wherem the im™», i- • • 

' rem me immobilization is reversible. 

» OKA ^JL^^Z^*-** - — * • 

a chromosoma! abnormality a 8 en= 0 ^L ^ '"""^ ° f * *-& 

i^oc, a bacterM infecuon and a^m^ ^ ' i " feC,i0n - 3 ^ 

a) obtaining a targe, nucieic acid sequence from a biological sample- 

« r™«« f «"«« «•* acid sequence, thereby producing 
repl.cated nucleic acid molecule- oouong a 

c) specifically digesung me repined nucleic acid molecule using a. leas, 

7'^' P^"-n g digested fragment 
d) "7 ° b " lmn « *^ed fiagmen B onto a solid suppor, con^imn, 

e) analysing the immobilized fragments hv m n « c 
HxbHdi^on and tne ^^Z^ ^7^7" 
—ized fragment provide ^ ^,£1 

35. A process of claim 33 whm»fn *^ ~~ i 
— are oH g o nU c,e 0tides or oU e on^ ^ «" 
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46. A process for detecting a target nucleic acid sequence present in a 
biological sample, comprising the steps of: 

a) obtaining a nucleic acid molecule containing a target nucleic acid 
sequence from a biological sample; 

b) contacting the target nucleic acid sequence with at least one primer said 
pnmer having 3' terminal base complementarity to the target nucleic acid 

sequence; 

0 contacting the product of step b) with an appropriate polymerase enzyme 
and sequentially with one of the four nucleoside triphosphates- 
d) ionizing and volanzing the product of step c); and 

C) deteCting ** P roduct of d) by mass spectrometry, wherein the 
— molecular weight of the product indicates the presence or absenceof a 

mutation next to the 3' end of the primer in the target nucleic acid sequence. 

samnle C o 4? " A . Pr ° CeSS ^ dCteCting 3 nUC,e ° tide present » a logical 
sample, comprising the steps of: 

a) obtaining a nucleic acid molecule that contains a target nucleotide- 

b) mimobilizing the nucleic acid molecule onto a solid support, to produce 
an immobilized nucleic acid molecule; 

c) hybridizing the immobilized nucleic acid molecu^ with a primer 
oligonucleotide that is complementary to the nucleic acid molecule at a site 
immediately 5' of the target nucleotide; 

d) contacting the product of step c) with a complete set of 
dideoxynucleosides or 3'-deoxynucleoside triphosphates and a DNA 
dependent DNA polymerase, so that only the dideoxynucleoside or 3'- 
deoxynucleoside triphosphate that is complementary to the target nucleotide 
is extended onto the primer; 

e) ionizing and volatizing the product of step d); and 

f) detecting the primer by mass spectrometry, to determine the identity of the 
target nucleotide. 

48. A process for detecting a mutation in a nucleic acid molecule 
comprising the steps of: 

a) obtaining a nucleic acid molecule; 

b) hybridizing the nucleic acid molecule with an oligonucleotide probe 
thereby forming a mismatch at the site of a mutation; 

c) contacting the product of step b) with a single strand specific 

endonuclease; 
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10 



0 



be ab. f DUPkX r N ^ Pr0bCS Sin ? ,e - Stranded have been demonstrated to 

be able to capture spenfic DNA templates and also serve as primers for solid-state 

sequencing. The scheme is shown in Figure 46. Stacking interactions between a duplex 

probe and a single-stranded template allow only 5-base overhand to be sufficient for 

capturing. Based on this format, a 5' fluorescent-labeled 23-mer (5'-GAT GAT CCC A rr 

^1 ™ AGC T ° < D " »*■ ^ - sealed to a ^S'-CTC 

CGG ATC ATC) (SEQ. ID. No. 30). leaving a 5-base overhang. A 1 l j 

sZtclnf " CCA ^ GA GCT> (SEQ ^ 31 > - * - «M« -d 

sequencmg reactions were performed by extension of the 5-base overhang. MALDNTOF 

mass spectra of the reactions are shown in Figure 47A-D. All sequencing peaks were 
r^ed although at relatively low intensities. The last peak in each reaction is due to 
"nspectfic addtuon of one nucleotide to the full length extension product bv the Sequenase 
enzyme. For comparison, the same products were run on a conventional DNA sequencer and 
a staclong fluorogram of the results is shown in Figurc 48 . As can ^ seen ^ 

utnT ^ T T panem 35 nuorogram ™ fa « p-* « ™ ch — 

uwensity compared to the 23-mer primer. 




deferring (frhnigur 

Sample distribution can be made more homogenous and signal intensitv could 
potenually be mcreased by implementing the picoliter vial technique. In practice the* 
samples can be loaded on small pits with square openings of 100 urn size. The beads used in 
the solid-state sequencing is less than 1 0 urn in diameter, so they should fit well in the 
nucroliter vials. Microcystes of matrix and DNA containing "sweet spots" will be confined 
m the v,al. Since the laser spot size is about 100 um in diameter, it will cover the enure 
opening of the vial. Therefore, searching for sweet spots will be unnecessarv and high 
repetu.on.rate laser < e.g. > , 0Hz, can be used for acquiring spectra. An earlier report has 
shown that this device is capable of increasing the detection sensitive- of peptides and 
proteins by several orders of magnitude compared to conventional MALDl sample 
preparation technique. 

Resolution of MALDI on DNA needs to be further improved in order to 
extend the sequencing range beyond 100 bases. Currently, using 3-HPA/ammonium citrate 
as matrix and a reflectron TOF mass spectrometer with 5kV ion source and 20 kV 
postacceleration. the resolution of the run-through peak in Figure 33 f.73-mer) is greater than 
200 ( FWHM) which is enough for sequence determination in this case. This resolution is 
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Claims 

1 . A process for detecting a target nucleic acid sequence present in a 
biological sample, comprising the steps of: 

a) obtaining a nucleic acid molecule from a biological sample; 

b) immobilizing the nucleic acid molecule onto a solid support, to produce an 
immobilized nucleic acid molecule: 

c) hybridizing a detector oligonucleotide with the immobilized nucleic acid 

molecule and removing unhybridized detector oligonucleotide: 

d) ionizing and volatizing the product of step c); and 

e) detecting the detector oligonucleotide by mass spectrometry, wherein 
detection of the detector oligonucleotide indicates the presence of the target 
nucleic acid sequence in the biological sample. 

2. A process of claim 1. wherein step b). immobilization is accomplished by 
hybridization between a complementary capture nucleic acid molecule, which has been 
previously immobilized to a solid support, and a complementary specific sequence on the 
target nucleic acid sequence. 

3. A process of claim 1. wherein step b). immobilization is accomplished via 
direct bonding of the target nucleic acid sequence to a solid support. 

4. A process of claim 1. wherein prior to step b). the target nucleic acid 
sequence is amplified. 

5. A process of claim 4. wherein the target nucleic acid sequence ts.amplified 
by an amplification procedure selected from the group consisting of: cloning, transcription 
based amplification, the polymerase chain reaction (PCR). the ligase chain reaction (LCR). 
and strand displacement amplification (SOA). 

6. A process of claim 1. wherein the solid support is selected from the group 
consisting of: beads, flat surfaces, pins, combs and wafers. 

7. A process of claim 6. wherein step b). immobilization is accomplished by 
hybridization between an array of complementary capture nucleic acid molecules, which hav 
been previously immobilized to a solid support, and a portion of the nucleic acid molecule, 
which is distinct from the target nucleic acid sequence. 



WO 96/29431 




3/60 




PCI7US96/03651 




WO 96/29431 



PCI7US 9670365] 



-57. 



genetic disease, a chromosomal abnormality a c>™,r 

fi.T,««i .-<• • * * •• a genetic predisposition, a viral infection a 

fungal mfection. a bacterial infection and a proust infection. 



5 hi . , 1 9 A Pr0CCSS dCtCCting 3 ^ nucleic ac * sequence present in a 
3 biological sample, comprising the steps of: P " 3 

a) obtaining a nucleic acid mo.ecule contaming a target nucleic acid 
sequence from a biological sample: 

'o 1Z'"T 8 ** T' ■ ud * acid sequen « »*■ - --pi—I-*— 

O hybridan, a detector oligonucleotide with the nucleic acid molecule and 

removng unhybridized detector oligonucleotide- 

d) .oniang and volatiang the product of step c): and 

^ detecting ; the detector oligonucleotide by mass speorometrv. wherein 

detect™ of the detector o.igonucleotide indicates the presence of Jle, 

nucletc actd sequence in the biological sample. 

amplification" T^TI ^ gr ° Up «- **« of: cloning, transcription based 

-rapmicanon. the polymerase chain reaction rPCRWh- l. • - 

««- displacement amplification (SDA) * Cha ' n ™ (LCR) ' md 

*n>up consisting of "m™^^^ *'*~ " ~" " *~ 
TOP, Electrospray ,ES, ,on C^^Z^TT 
combituitions thereof. ° Uner Tranrf °™ 



22. A process of claim 19. wherein prior to step d). the sample is 



conditioned. 



differential' A ^ " ~ ** ta b > ~»« 

mass modifv ^ A ^ ^ WhCrCin ^ diff ^iation is achieved bv 

mass modifying funcuonahties attached to primers used for amplification. 

exchanse of.,' 5 ' A °f ^ ***** ^ diffe ™tiation is achieved bv 

exchange of canons or removal of the charge at the phosphodiester bond. 
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34. A process of claim 33. wherein the solid support is selected from the 
group consisting of: beads, flat surfaces, pins, combs and wafers. 

35. A process of claim 33. wherein the complementary capture nucleic acid 
sequences are oligonucleotides or oligonucleotide mimetics. 

36. A process of claim 33. wherein the immobilization is reversible. 

37. A process of claim 33 wherein the mass spectrometer is selected from the 
group consisting of: Matrix-Assisted Laser Desorption/Ionization Time-of-Fli c ht (MALDI 
TOR. Electrospray (ES). Ion Cyclotron Resonance (ICR). Fourier Transform and 
combinations thereof. 

38. A process of claim 33. wherein prior to step e). the sample is conditioned. 

39. A process of claim 38. wherein the sample is conditioned bv mass 

differentiation. 

40. A process of claim 38. wherein the mass differentiation is achieved by the 
introduction of mass modifying functionalities in the base, sugar or phosphate moierv of the 
detector oligonucleotides. 

41. A process of claim 39. wherein the mass differentiation is achieved bv 
exchange of cations or removal of the charge at the phosphodiester bond. 

42. A process of claim 33. wherein after step a), the target nucleic acid 
sequence is replicated into DNA using mass modified deoxynucleoside and/or 
dideoxynucleoside triphosphates and RNA dependent DNA polymerase. 

43. A process of claim 33. wherein after step a), the target nucleic acid 
sequence is replicated into RNA using mass modified ribonucleoside and/or 3 1 - 
deoxynucleoside triphosphates and DNA dependent RJs'A polymerase. 

44. A process of claim 33. wherein after step a), the tarcet nucleic acid is 
replicated into DNA using mass modified deoxynucleoside and/or dideoxynucleoside 
triphosphates and a DNA dependent DNA polymerase. 

45. A process of claim 33 wherein the target nucleic acid sequence ts a DNA 
fingerprint or a disease or condition selected from the group consisting of a genetic disease, a 
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b) hybridizing the nucleic acid molecule with an oligonucleotide probe 
thereby formmg a mismatch at the sue of a mutation- 

c) contacting the product of step b) with a ci no i. „ a 

d) iontzing and vola, lzl „g ^ step anT ' "*»»*««: 

of n,ore man one .'ragmen, indicates that the nucleic acid molel" " 
mutation. moiecuie contains a 



49. A process for detectine a target nuclei *<*\a 
biological sample, comprising the steps of: """"^ P ~ I in a 

a) obtaining a nucleic acid containing a target nucle.c acid 
sequence from a biological sample 

Winning a, least one hybridan of the target nucleic ac.d seauence 
with a set of l.ganon educts and a thennosuble DNA ligase mere* folL 
ligation product: rareD> toranng a 

O ionizing and volatizing the product of step b): and 

valued T T? ^ - - 

«* a known va,ue to determine the targe, nucleic acid 
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FIGURE 34 



506507508 
IlellePhe 




AF508 r^f? CAAA6t »»ACTACTTATATC (884 6 8 

TXG-- AAACCACAAAGGATACTACTTATATC (884 6,' 8 , 

B 

506S07508 

*"07 CTTToS^-a^cS^^^^ 7 ^ "0657.0) 

(9465,2) 




WO 96/29431 



4 57 6 0 



PCT/US96/0365J 



1 2 3 4 5 6 




SUBSTITUTE SHEET (RULE 26) 



WO 96/29431 



PCT/US96/0365I 



FICURE 36 



i 

i 



i 





WO 96/29431 



4 7/60 



PCT/US96/03651 




SUBSTITUTE SHEET (RULE 26) 



WO 96/29431 



PCT/US 96/03651 



FIGURE 38 



bp 

226 — 



100 

90 ZZ 
63 _ 
57 — 




WO 96/29431 



4 9/60 



PCT/US96/036S1 




SUBSTITUTE SHEET (RULE 26) 



WO 96/29431 





PCT/US96/03651 



FIGURE 40 




Mais <m/j 



42/^6 




SUBSTITUTE SHEET (RULE 26) 



WO 96/29431 



PCT/US96/03651 



FIGURE *2 




20l 




Mtulnyri 



M/5G 




SUBSTITUTE SHEET (RULE 26) 



WO 96/29431 



PCT/US96/03651 




WO 96/29431 




5 5/60 




PCT/US96/03651 




SUBSTITUTE SHEET (RULE 26) 



3 



PCT/US96/0365I 




WO 96/29431 



5 7/60 



PCT/DS96/0365I 




WO 96/29431 



5 9/60 



PCT/DS96/0365I 



10947.2 *• 




SUBSTITUTE SHEET7RULE26) 



PCT/US96/0365 





54/SG 



WO 96/2943 1 



-41- 



PCT/US96/0365 1 



10 



15 



20 



25 



30 



Aliquots of 0.5 uL of analyte solution and 0.5 M L of matrix solution (0 7 
mol/L 3-HPA and 0.07 mol/L ammonium citrate in acetonitrile/water ( 1 : 1 . v/ v)) were mixed 
on a flat metallic sample support. After drying at ambient temperature the sample was 
introduced .mo the mass spectrometer for analysis. The MALDI-TOF mass spectrometer 
used was a Finnigan MAT Vision 2000 (Finnigan MAT. Bremen. Germanv). Spectra were 
recorded in the positive ion reflector mode with a 5 keV ion source and 20 keV 
postacceleration. The instrument was equipped with a nitrogen laser (337 nm waveieneth) 
C VaCUUm ° f «3 Mn was 3-4. 1 0-8 hPa in the analyzer region and 1 -4. 1 o-7 hp a in _ 
source region. Spectra of modified and unmodified DNA samples were obtained with the 
same relative laser power, external calibration was performed with a mixture of svnthetic 
oligodeoxynucleoudes (7-to50-mer). 

RESULTS AND DISCUSSION 

Enzymatic synthesis of7-deazapurme nucleotide containing nucleic 
acids by PCR 

In order to demonstrate the feasibility of MALDI-TOF MS for the rapid, gel- 
free analysis of short PCR products and to investigate the effect of 7-deazapurine 
modification of nucleic acids under MALDI-TOF conditions, two different primer-template 
systems were used to synthesize DNA fragments. Sequences are displayed in Figures 36 and 
yr. While the two single strands of the 103-mer PCR product had neariv equal masses (Am= 
8 u), the two single strands of the 99-mer differed by 526 u. 

Considering that 7-deaza purine nucleotide building blocks for chemical DNA 
synthesis are approximately 1 60 times more expensive than regular ones (Product 
Informauon. Glen Research Corporation. Sterling. V A > and their application in standard p. 
cyano-phosphoamidite chemistry is not trivial (Product Information. Glen Research 
Corporation. Sterling. VA: Schneider . K and B.T. Chait (1995) Nucleic Acids Res.23. 1570) 
the cost of 7-deaza purine modified primers would be very high. Therefore, to increase the 
applicability and scope of the method, all PCRs were performed using unmodified 
oligonucleotide primers which are routinely available. Substituting dATP and dGTP bv c~- 
dATP and c'-dGTP in polymerase chain reaction led to products containing approximated 
80% 7-deaza-purine modified nucleosides for the 99-mer and 103-mer: and about 90% for the 
200-mer. respectively. Table I shows the base composition of all PCR products. 
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polymerase were able to ^corporate c'-dATP and c^-dGTP during PCR as well 
performance, however, turned out to be best for the exo(-W„ ™! , ° VCraJJ 
side products during amplification Using ail IT V P 0 *"*™ P viag least 

employing c^-dATP and c^GTP c ^ ^ T' * ^ ^ SUCh PCR * 

a cleaner PCR-product. Decreased ^^LTo T" ^ '""^ giv ^ 

«ni a ,„~^ . • ^^ waoccurrenceofa| npJificaion side products mav be 

•o three polymerases specified above («o(., Deer V™ DMA 'f^ 24 '' lnadd "™ 
polymerase and «(., b NA polvm-^, ^ DNA polymerase. V„ DNA 

« *e Large Klenow ftlgmem rf E^ST™ 1 T" ** P ° l ™"-«- -* 
- U AmpliTao DNA^mel ^ ^ ^T" ^ DNA P °^^ 

RNA polymerase such as me SP6 '^T " *" '""^ 

polymerase, must be used 



MALDI- TOF mass spectrometry of modified and unmodified PCR 
products. 

The 99-mer. 1 03-mer and 200-mer pcr «r«^..~.. 
5 TOF MS. Based on past exDerien^ u P WW anal - vzed b - v MALDI- 

Figures 40a and 40b show the mass soectra nfrh* at a * 

im «... i • . . ^ specira or the modified and unmodified 

1 03-mer nucleic acids. In case of the modified im unmanned 

fM+HV- e ™i tu uie modiiied 1 03-mer. fragmentation causes a broad 

IM-t-H) signal. The maximum of the Deak ic *\,;c.a , , 

mass r,n,«. , **** ,s sh,fted lo 'o^er masses so that the assigned 

mass represents a mean value tff f M+HV «.<m 9 i ,„j , ^ ^ «j».gnea 
therM^-oan-.-. ir a,u , signal and signals of fragmented ions, rather than 

fromTe L 1 ^ 1 03 -~ «"» ™ *«« 20'/o A and G 

22 ^ 7 PnmCrS - U Sh ° WS ,CSS ^ntation which is featured bv much 

more narrow and symmetric signals. Especially peak tailing on the lower mass side due to 

depunnation. is substantially reduced Hence the Aifr„. u 

, • nence. the difference between measured and 

calcukued mass ,s strongly reduced although i, is still below the expected mass For the 
defied sample a (IW signal of 3 1670 was observed. whichTa 97 u or 0 3% 
difference to the calculated mass Whil* ;„ „ r . 

«"««aiea mass, while, m case of the modified sample this mass differenr.. 

stands <mMm - 67 as opposed ,o 1 8 for the unmodified sampie with = ft,, ^ * Mf 
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since the share of unmodified purines origmating from the primer increases w,th decrease 
length of the amplified sequence. 

The remarkable properties of 7-deazapurine modified nucleic acids can be 
explained by either more effective desorption and/or ionization, increased ion stabilirv and/or 
a lower denaturafon energy of .he double stranded purine modified nucleic acid The 

ZTl' H^Z N ' ? f " 2 methine 6rOUP in ' OSS ° f 0ne -«P' or *, » hvdnwi 

wl?c rS""" fT ° f nUC ' eiC 3Cid '° «"» — ^ »~ - "on. 
Watson-Cnck pa,^ (Seeli p ^ A Kehne ( |98?) Blgehemisirr , 6 , 

wbt<* should be a reason for better desorption during the MALDI process, In ^d'ition ,o .his 
*e a^omauc system of Taurine has a lower dec™, density tha, weakens Watson 
Cnck base puring resulung in a decreased melting point (Mizusawa. S. „ al.. ( , 986) Nucleic 

for d-«n»» of me duplex in the MALDI process. These aspects as well as the toss of a 
ate which probably will cany a positive charge on the N-7 nitrogen renders the 7- 
deazapurine modified nucleic acid less polar ami may promote the effectiveness of 
resorption. 



3 



Because of the absence of N-7 as proton acceptor and the decreased 
m of me C-N bond m 7-deazapurine nucleosides depurinaiion following the 
mechamsms established for hydrolysis in solution is prevented. Although a direct correlation 
of reactions » solution and in the gas phase is problematic less fragmentation due to 
depunnation of the modified nucleic acids can be expected in the MALDI process 
Depunnataon may either be accompanied by loss of charge which decreases the total vield of 
charged species or it may produce charged fragmentation products which decreases th"e 
intensity of the non fragmented molecular ion signal. 

iKA u „ . 7116 observation of both increased sensitivity and decreased peak tailing of the 
(M+H) signals on the lower mass side due to decreased fragmentation of the 7-deazapurine 
containing samples indicate that the N-7 atom indeed is essential for the mechanism of 
depunnation in the MALDI-TOF process. In conclusion. 7-deaza P urine contain^ nucleic 
acids show distinctly increased ion-stability and sensitivity under MALDI-TOF conditions 
and therefore provide for higher mass accuracy and mass resolution. 

Example 9: Solid State Sequencing and Mass Spectrometer Detection 



MATERIALS AND METHODS 





WO 96/29431 W W PCI7US96/03651 

DNA DIAGNOSTICS BASED ON MASS SPECTROMETRY 

Background of the Invention 

The genetic information of all living organisms (e.g. animals, plants and 
5 inicroorganisms) is encoded in deoxyribonucleic acid (DNA). In humans, the complete 
genome is comprised of about 100,000 genes located on 24 chromosomes (The Human 
Genome, T. Strachan, BIOS Scientific Publishers, 1992). Each gene codes for a specific 
protein which after its expression via transcription and translation, fulfills a specific 
biochemical function within a living cell. Changes in a DNA sequence are known as 
0 mutations and can result in proteins with altered or in some cases even lost biochemical 
activities; this in turn can cause genetic disease. Mutations include nucleotide deletions, 
insertions or alterations (i.e. point mutations). Point mutations can be either "missense", 
resulting in a change in the amino acid sequence of a protein or "nonsense" coding for a 
stop codon and thereby leading to a truncated protein. 
> More than 3000 genetic diseases are currently known (Human Genome 

Mutations, D.N. Cooper and M. Krawczak, BIOS Publishers, 1993), including hemophilias, 
thalassemias, Duchenne Muscular Dystrophy (DMD), Huntington's Disease (HD), 
Alzheimer's Disease and Cystic Fibrosis (CF). In addition to mutated genes, which result 
in genetic disease, certain birth defects are the result of chromosomal abnormalities such as 
Trisomy 21 (Down's Syndrome), Trisomy 13 (Patau Syndrome), Trisomy 18 (Edward's 
Syndrome), Monosomy X (Turner's Syndrome) and other sex chromosome aneuploidies 
such as Klienfelter's Syndrome (XXY). Further, there is growing'evidence that certain 
DNA sequences may predispose an individual to any of a number of diseases such as 
diabetes, arteriosclerosis, obesity, various autoimmune diseases and cancer (e.g. colorectal, 
breast, ovarian, lung). 

Viruses, bacteria, fungi and other infectious organisms contain distinct 
nucleic acid sequences, which are different from the sequences contained in the host cell. 
Therefore, infectious organisms can also be detected and identified based on their specific 
DNA sequences. 

Since the sequence of about 16 nucleotides is specific on statistical grounds 
even for the size of the human genome, relatively short nucleic acid sequences can be used 
to detect normal and defective genes in higher organisms and to detect infectious 
microorganisms (e.g. bacteria, fungi, protists and yeast) and viruses. DNA sequences can 
even serve as a fingerprint for detection of different individuals within the same species. 
(Thompson, J.S. and M.W. Thompson, eds.. Genetics in Medicine . W.B. Saunders Co., 
Philadelphia, PA ( 1 986). 

Several methods for detecting DNA are currently being used. For example, 
nucleic acid sequences can be identified by comparing the mobility of an amplified nucleic 
acid fragment with a known standard by gel electrophoresis, or by hybridization with a 
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extension. the beads were precipitated and the supernatant was removed The b^H 
washed twice and resuspended in TE and kept at 4-C. 




Sequencing complex: 

5-AAGATCTGACCAGOOATTCGOTTAGCGTGACTOCTGCTGCrOCTGCTGCTrr- 

3'-CTACTAGGCTGCGTAGTC-5* 
NO. 26) (CM1)(SEQ.ID. 

The target TNR.PLASM2 was biotinylated and sequenced usin* 
«*r to those described in previous section (sequencing a 3,2 ^, 



15 



SeoueTtrj n? q / 




Sequencing complex: 

J -F-GATGATCCGACGCATCACAGCTC3- (SEQ. ID. No. 27) 
-b<TACTAGGCTGCGTAGTGTCGAGAACCrrGGCT3VsEQ. ID. No. 28J 

J 

Norwav.h C " 1B3B ^ i ^ Obil ^ OO ^ b ^M280w j U,s«ptav i d,nfDv ra l 
^ m b ^ ! tmg 60 P,n0, ° f CM1B3B 0 3 «— • - 30 m, , M nZL 

^Jc t" 8 " d 7 h ? ! Uffer) " — ™" 30 mi, The beads we" wLle d 
o^ Illf ™ d , rcd ' SSOlV « l » 30 M« 1 0 or 20 „. aliquot (containing 0. > or 0.2 mg of 
respectively, was used for sequencing reactions. 

The duplex was formed by annealing corresponding aliquot of beads from 
prev.ous step with 10 pmo, of DF, laiF ,or 20 pmoi of DF1 ,a5F for 0 2 mg of t^Ia , 

*c ZZZZS&T s rr e bafTa * 200 mM Tris - Hcl - »• ' ^ 

~ " • ana -30 mM NaCI) from the Seauenaco -n .. 

o r anH .. . , , nc ^equenase kit. The annealing mixture was heated to 65 

v- and allowed to cool slowly to 37°C ov« » in ™ ■ • • »~ica 10 

,h- • • * 20 ' 30 m,n t,mc P«nod. The duplex orimer was 

2™„e 10 ZT a ° """" ° f ™° *• ° f > <■ M vZe ^ 

we resulting mixture was further incubated at 37-r for s m ;„ 

min. Then I ul 0. 1 M dithiothreito, solution. , I, " buffed "m s T * ^ „ 
0 1 M Mnri ^ a „w -> i «r^i M sodlum »so«trate and 

0.1 M MnCl 2 ). and 2 ul of d.luted Sequenase (3.25 units) were added. The reaction mixture 
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desorption (PD mass spectrometry). As an example, the application of FAB to the analysis 
of protected dimeric blocks for chemical synthesis of oligodeoxynucleotides has been 
described (Koster et al. Biomedical Environmental Mass Spectrometry 14 111-116 
(1987)). ~" 

Two more recent ionization/desorption techniques are electrospray/ionspray 
(ES) and matrix-assisted laser desorption/ionization (MALDI). ES mass spectrometry has 
been introduced by Fenn et al. (J. Phvs. Chem. 88, 4451-59 (1984); PCT Application No 
WO 90/14148) and current applications are summarized in recent review articles (R.D 
Smith etal, Anal. Chem.; 62, 882-89 (1990) and B. Ardrey, Electrospray Mass 
Spectrometry, Spectroscopy Europe 4, 10-1 8 (1 992)). The molecular weights of a 
tetradecanucleotide (Covey et al. "The Determination of Protein, Oligonucleotide and 
Peptide Molecular Weights by Ionspray Mass-Spectrpmetry," Rapid Comm„n^ ,. , . 
Mass Spectrometry 2, 249-256 (1988)), and of a 21-mer (Methods in En^i^ m 
"Mass Spectrometry" (McCloskey, editor), p. 425, 1990, Academic Press, New York) have 
been published. As a mass analyzer, a quadrupole is most frequently used. The 
determination of molecular weights in femtomole amounts of sample is very accurate due 
to the presence of multiple ion peaks which all could be used for the mass calculation. 

MALDI mass spectrometry, in contrast, can be particularly attractive when a 
time-of-flight (TOF) configuration is used as a mass analyzer. The MALDI-TOF mass 
spectrometry has been introduced by Hillenkamp et al. ("Matrix Assisted UV-Laser 
Desorption/ionization: A New Approach to Mass Spectrometry of Large Biomolecules," 
Biological Mass Spectrometry (Burlingame and McCloskey, editors), Elsevier Science ' 
Publishers, Amsterdam, pp. 49-60, 1990.) Since, in most cases, no multiple molecular ion 
peaks are produced with this technique, the mass spectra, in principle, look simpler 
25 compared to ES mass spectrometry. 

Although DNA molecules up to a molecular weight of 410,000 daltons have 
been desorbed and volatilized (Williams et al., "Volatilization of.High Molecular Weight 
DNA by Pulsed Laser Ablation of Frozen Aqueous Solutions," Science. 246, 1 585-87 
(1989)), this technique has so far only shown very low resolution (oligothymidylic acids up 
to 1 8 nucleotides, Huth-Fehre et al., Rapid Communications in Mass Spectrometry 6, 209- 
13(1 992); DNA fragments up to 500 nucleotides in length K. Tang et al., Rapid 
Communications in Mass Spectrometry, 8, 727-730 (1994); and a double-stranded DNA of 
28 base pairs (Williams et al., "Time-of-Flight Mass Spectrometry of Nucleic Acids by 
Laser Ablation and Ionization from a Frozen Aqueous Matrix," Rapid Communications in 
35 Mass Spe ctrometry. 4. 348-151 ( l QQfl)) 

Japanese Patent No. 59-131909 describes an instrument, which detects 
nucleic acid fragments separated either by electrophoresis, liquid chromatography or high 
speed gel filtration. Mass spectrometric detection is achieved by incorporating into the 
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A 39-mcr template (SEQ. ID. No. 23) was first biotinylated at the 3' end bv 
adding b,otin-l4HlATP with terminal transferase. More than one biotin-14-dATP molecule 
could be added by the enzyme. However, since the template was immobilized and remained 
on the beads during MALDI. the number of biotin- , 4-dATP would not affect the 
spectra A 1 4-mer primer (SEQ. ID. No. 29) was used for the solid-state sequencing 
MALDI-TOF mass spectra of the four sequencing ladders are shown in Figure 34 and the 
expected theoretical values are shown in Table II. 

Table II 

5'-TCTGGCCTGGTGCAGGGCCTATTGTAG7TGTCACCTACA-<A'' )n .3' 

r.TCAACACTGCATGT-J- 4223.8 4223.8 4223.8 4223.8 
S'-ATCAACACTGCATGT-y 452 1 .0 
S'-CATCAACACTGCATCT-y 4 g| 0 .2 
3--ACATCAACACTGCATGT-5' 5123.4 
3-AACATCAACACTGCATGT-5- 5436.6 
^'•TAACATCAACACTGCATGT-5* 
3'-ATa\ACATCAACACTGCATGT-5* 6054.0 
3'-G AT AACATC AAC ACTGC ATGT- 5* 
3"-CGATAACATCAACACTGCA TGT-5' 
3 '-CGG ATAACATC AACACTG CA TGT-5' 700l 6 

3* -CCGG ATAACATC AACACTG C A TGT- 5' 7290.8 
3--CCCGGATAACATCAACACTGCATGT-5- 73 go.O 
3'-TCCCGGATAACATCAACACTGCA TGT-5* 
3-GTCCCGGATAACATCAACACTGCATGT-5- 
3-CGTCCCGGATAACATCAACACTGCATGT-5- 8502.6 
3--ACGTCCCGG ATAACATCAACACTGCATGT-5- 88 1 5.8 
3-CACGTCCCGGATAACATCAACACTGCATGT-5- 9 1 05.0 

3-CCACGTCCCGGATAACATCAACACTGCATGT-5- 9394.2 
3 -ACCACGTCCCGGATAACATCAACACTGC.A TGT-5' 9707 4 
3-GACCACGTCCCGGATAACATCAACACTGCATGT-5- 
3-GGACCACGTCCCGGATAACATCAACACTGCATGT-5- 
3'-CGGACCACGTCCCGGATAACATCAACACTGCATGT-5' 10653.0 
3-CCGGACCACGTCCCGGATAACATCAACACTGCATGT-S- r 0944 .2 

3--ACCGGACCACGTCCCGGATAACATCAACACTGCA TGT-5" 1 1257 4 
3-GACCGGACCACGTCCCGGATAACATCAACACTGCATGT-5 
3-AGACCGG ACCACGTCCCGGATAACATCAACACTGCATGT-5- 1 1 899.8 
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complementary sequences. Hybridization events and the actual molecular weights of the 
captured target sequences provide information on whether and where mutations in the gene 
are present The array can be analyzed spot by spot using mass spectrometry. DNA can be 
similarly digested using a cocktail of nucleases including restriction endonucleases. In a 
preferred embodiment, the nucleic acid fragments are conditioned prior to mass 
spectrometric detection. 

In a fourth embodiment, at least one primer with 3* terminal base 
complementarity to an allele (mutant or normal) is hybridized with a target nucleic acid 
molecule, which contains the allele. An appropriate polymerase and a complete set of 
nucleoside triphosphates or only one of the nucleoside triphosphates are used in separate 
reactions to furnish a distinct extension of the primer. Only if the primer is appropriately 
annealed (i.e. no 3' mismatch) and if the correct (i.e. complementary) nucleotide is added, 
will the primer be extended. Products can be resolved by molecular weight shifts as 
determined by mass spectrometry. 

In a fifth embodiment, a nucleic acid molecule containing the nucleic acid 
sequence to be detected (i.e. the target) is initially immobilized to a solid support 
Immobilization can be accomplished, for example, based on hybridization between a 
portion of the target nucleic acid molecule, which is distinct from the target detection site 
and a capture nucleic acid molecule, which has been previously immobilized to a solid 
support Alternatively, immobilization can be accomplished by direct bonding of the target 
nucleic acid molecule and the solid support. Preferably, there is a spacer (e.g. a nucleic 
acid molecule) between the target nucleic acid molecule and the support A nucleic acid 
molecule that is complementary to a portion of the target detection site that is immediately 
5' of the site of a mutation is then hybridized with the target nucleic acid molecule. The 
addition of a complete set of dideoxynucleosides or 3'-deoxynucieoside triphosphates (e.g. 
pppAdd, pppTdd, pppCdd and pppGdd) and a DNA dependent DNA polymerase allows for 
the addition only of the one dideoxynucleoside or 3'-deoxynucleoside triphosphate that is 
complementary to X. The hybridization product can then be detected by mass 
spectrometry. 

In a sixth embodiment, a target nucleic acid is hybridized with a 
complementary oligonucleotides that hybridize to the target within a region that includes a 
mutation M. The heteroduplex is then contacted with an agent that can specifically cleave 
at an unhybridized portion (e.g. a single strand specific endonuclease), so that a mismatch, 
indicating the presence of a mutation, results in the cleavage of the target nucleic acid. The 
two cleavage products can then be detected by mass spectrometry. 

In a seventh embodiment which is based on the ligase chain reaction (LCR), 
a target nucleic acid is hybridized with a set of ligation educts and a thermostable DNA 
ligase. so that the ligase educts become covalently linked to each other, forming a ligation 
product. The ligation product can then be detected by mass spectrometry and compared to 
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addition, the capture sequence is chosen to specifically interact with a complementary 
sequence on the target sequence (T), the target capure site (TCS) to be detected through 
hybridization. However, if the target detection site (TDS) includes a mutation, X, which 
changes the molecular weight, mutated target detection sites can be distinguished from 
5 wildtype by mass spectrometry. Preferably, the detector nucleic acid molecule (D) is 

designed so that the mutation is in the middle of the molecule and therefore would not lead 
to a stable hybrid if the wildtype detector oligonucleotide (Dwt) is contacted with the target 
detector sequence, e.g. as a control. The mutation can also be detected if the mutated 
detector oligonucleotide (Dniut) with the matching base at the mutated position is used for 

10 hybridization. If a nucleic acid molecule obtained from a biological sample is heterozygous 
for the particular sequence (i.e. contain both D** and D mut ), both D™* and D m ut will be 
bound to the appropriate strand and the mass difference allows both Dwt'and D^ut to be 1 
detected simultaneously. 

. FIGURE 2 is a diagram showing a process in which several mutations are 

15 simultaneously detected on one target sequence by employing corresponding detector 

oligonucleotides. The molecular weight differences between the detector oligonucleotides 
Dl, D2 and D3 must be large enough so that simultaneous detection (multiplexing) is 
possible. This can be achieved either by the sequence itself (composition or length) or by 
the introduction of mass-modifying functionalities M 1 - M3 into the detector 

20 oligonucleotide. 

FIGURE 3 is a diagram showing still another multiplex detection format. In 
this embodiment, differentiation is accomplished by employing different specific capture 
sequences which are position-specifically immobilized on a flat surface (e.g, a 'chip array'). 
If different target sequences Tl - Tn are present, their target capture sites TCS1 - TCSn will 

25 interact with complementary immobilized capture sequences Cl-Cn. Detection is achieved 
by employing appropriately mass differentiated detector oligonucleotides Dl - Dn, which 
are mass differentiated either by their sequences or by mass modifying functionalities Ml - 
Mn. 

FIGURE 4 is a diagram showing a format wherein a predesigned target 
30 capture site (TCS) is incorporated into the target sequence using PCR amplification. Only 
one strand is captured, the other is removed (e*g., based on the interaction between biotin 
and streptavidin coated magnetic beads). If the biotin is attached to primer 1 the other 
strand can be appropriately marked by a TCS. Detection is as described above through the 
interaction of a specific detector oligonucleotide D with the corresponding target detection 
35 site TDS via mass spectrometry. 

FIGURE 5 is a diagram showing how amplification (here ligase chain 
reaction (LCR)) products can be prepared and detected by mass spectrometry. Mass 
differentiation can be achieved by the mass modifying functionalities (Ml and M2) 
attached to primers (PI and P4 respectively). Detection by mass spectrometry can be 
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Duplex DNA probes with single-stranded overhang have been demonstrated to 
be able to capture specific DNA templates and also serve as primers for solid-state 
sequencmg. The scheme is shown in Figure 46. Stacking mteractions between a duplex 
probe and a single-stranded template allow only 5-base overhand to be sufficient for 
capturing. Based on this format, a 5' fluorescent-labeled 23-mer (5'-GAT GAT CCG acc 
CAT CAC AGC TO (SEQ. ID. No. 29) was annealed to a 3'-biotinviated 1 8-mer (5--GTG 
ATG CGT CGG ATC ATC) (SEQ. ID. No. 30). leaving a 5-base overhane. A 15-mer 
template (5'-TCG GTT CCA AGA GCT) (SEQ ID. No. 31) was captured bv the duplex and 
sequencmg reactions were performed by extension of the 5-base overhang. MALDI-TOF 
mass spectra of the reactions are shown in Figure 47A-D. All sequencing peaks were 
resolved although at relatively low intensities. The last peak in each reaction is due to 
unspeafic addition of one nucleotide to the full length extension product bv the Sequenase 
enzyme. For comparison, the same products were run on a conventional DNA sequencer and 
a stacking fluorogram of the results is shown in Figure 48. As can be seen from the Figure 
the mass spectra had the same pattern as the fluorogram with sequencing peaks at much lower 
intensity compared to the 23-mer primer. 

detection I'rfyjgup 

Sample distribution can be made more homogenous and signal intensitv could 
potemtally be mcreased by implementing the picoliter vial technique. In practice the" 
samples can be loaded on small pits with square openings of 100 urn size. The beads used in 
the solid-state sequencing is less than 1 0 urn in diameter, so thev should fit well in the 
microhter vials. Microcrystals of matrix and DNA containing "sweet spots" will be confined 
tn the v,al. Since the laser spot size is about 100 urn in diameter, it will cover the entire 
opening of the vial. Therefore, searching for sweet spots will be unnecessarv and high 
repetit,on-rate laser (e.g. > 1 0Hz) can be used for acquiring spectra. An earlier report has 
shown that this device is capable of increasing the detection sensitivity of peptides and 
protems by several orders of magnitude compared to conventional MALDI sample 
preparation technique. 

Resolution of MALDI on DNA needs to be further improved in order to 
extend the sequencing range beyond 100 bases. Currently, using 3-HPA/ammon.um citrate 
as matrix and a reflectron TOF mass spectrometer with 5kV ion source and 20 kV 
postacceleration. the resolution of the run-through peak in Figure 33 (73-mer) is greater than 
200 (FWHM) which is enough for sequence determination in this case. This resolution is 
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of a mutation, results in the cleavage of (C) and/or (D), which can then be detected by mass 
spectrometry. 

FIGURE 8 is a diagram showing how both strands of a target DNA can be 
prepared for detection using transcription vectors having two different promoters at 
opposite locations (e.g. the SP6 and the T7 promoter). This format is particularly useful for 
detecting heterozygous target detection sites (TDS). Employing the SP6 or the T7 RNA 
polymerase both strands could be transcribed separately or simultaneously. Both RNAs 
can be specifically captured and simultaneously detected using appropriately mass- 
differentiated detector oligonucleotides. This can be accomplished either directly in 
solution or by parallel processing of many target sequences on an ordered array of 
specifically immobilized capturing sequences. 

. FIGURE 9 is a diagram showing how RNA prepared as described in Figures 
6, 7 and 8 can be specifically digested using one or more ribonuc leases and the fragments 
captured on a solid support carrying the corresponding complementary sequences. 
Hybridization events and the actual molecular weights of the captured target sequences 
provide information on whether and where mutations in the gene are present The array can 
be analyzed spot by spot using mass spectrometry. DNA can be similarly digested using a 
cocktail of nucleases including restriction endonucleases. Mutations can be detected by 
different molecular weights of specific, individual fragments compared to the molecular 
weights of the wildtype fragments. 

FIGURE 10A shows a spectra resulting from the experiment described in 
the following Example 1. Panel i) shows the absorbance of the 26-mer before 
hybridization. Panel ii) shows the filtrate of the centrifiigation after hybridization. Panel 
iii) shows the results after the first wash with 50mM ammonium citrate. Panel iv) shows 
the results after the second wash with 50mM ammonium citrate. 

FIGURE 1 OB shows a spectra resulting from the experiment described in the 
following Example 1 after three washing/ centriftigation steps. 

FIGURE IOC shows a spectra resulting from the experiment described in the 
following Example 1 showing the successful desorption of the hybridized 26mer off of 
beads. 

FIGURE 1 1 shows a spectra resulting from the experiment described in the 
following Example 1 showing the successful desorption of the hybridized 40mer. The 
efficiency of detection suggests that fragments much longer than 40mers can also be 
desorbed. 

FIGURE 1 2 shows a spectra resulting from the experiment described in the 
following Example 2 showing the successful desorption and differentiation of an 1 8-mer 
and 1 9-mer by electrospray mass spectrometry, the mixture (top), peaks resulting from 1 8- 
mer emphasized (middle) and peaks resulting from 1 9-mer emphasized (bottom) 
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Claims 

1 . A process for detecting a target nucleic acid sequence present in a 
biological sample, comprising the steps of: 

a) obtaining a nucleic acid molecule from a biological sample; 

b) immobilizing the nucleic acid molecule onto a solid support, to produce an 
immobilized nucleic acid molecule: 

c) hybridizing a detector oligonucleotide with the immobilized nucleic acid 
molecule and removing unhybridized detector oligonucleotide: 

d) ionizing and volatizing the product of step c); and 

e) detecting the detector oligonucleotide by mass spectrometry, wherein 
detection of the detector oligonucleotide indicates the presence of the target 
nucleic acid sequence in the biological sample. 

2. A process of claim 1. wherein step b). immobilization is accomplished by 
hybridization between a complementary capture nucleic acid molecule, which has been 
previously immobilized to a solid support, and a complementary specific sequence on the 
target nucleic acid sequence. 

3. A process of claim 1. wherein step b). immobilization is accomplished via 
direct bonding of the target nucleic acid sequence to a solid support. 

4. A process of claim I . wherein prior to step b). the target nucleic acid 
sequence is amplified. 

5. A process of claim 4. wherein the target nucleic acid sequence ts.amplified 
by an amplification procedure selected from the group consisting of: cloning, transcription 
based amplification, the polymerase chain reaction (PCR). the ligase chain reaction (LCR). 
and strand displacement amplification (SDA). 

6. A process of claim 1. wherein the solid support is selected from the croup 
consisting of: beads, flat surfaces, pins, combs and wafers. 

7. A process of claim 6. wherein step b). immobilization is accomplished by 
hybridization between an array of complementary capture nucleic acid molecules, which have 
been previously immobilized to a solid support, and a portion of the nucleic acid molecule, 
which is distinct from the target nucleic acid sequence. 



WO 96/29431 




PCT/US96/03651 



-11- 

FIGURE 25A is a mass spectrum of sample 1, which is HBV positive. The 
signal at 20754 Da represents the HBV related PCR product (67 nucleotides, calculated 
mass: 20735 Da). The mass signal at 10390 Da represents the [M+2H] 24 * signal 
(calculated: 10378 Da). 

FIGURE 25B is a mass spectrum of sample 3, which is HBV negative 
corresponding to PCR, serological and dot blot based assays. The PCR product is 
generated only in trace amounts. Nevertheless it is unambiguously detected at 2075 1 Da 
(calculated: 20735 Da). The mass signal at 10397 Da represents the [M+2H] 2 + molecule 
ion (calculated: 10376 Da). 

FIGURE 25C is a mass spectrum of sample 4, which is HBV negative, but 
CMV positive. As expected, no HIV specific signals could be obtained. 

FIGURE 26 shows a part of the E. coli lacl gene with binding sites of the 
complementary oligonucleotides used in the ligase chain reaction (LCR). Here the 
wildtype sequence is displayed. The mutant contains a point mutation at bp 191 which is 
also the site of ligation (bold). The mutation is a C to T transition (G to A, respectively). 
This leads to a T-G mismatch with oligo A (and A-C mismatch with oligo B, respectively). 

FIGURE 27 is a 7.5% polyaciylamide gel stained with ethidium bromide. 
M: chain length standard (pUC19 DNA, Mspl digested). Lane 1 : LCR with wildtype 
template. Lane 2: LCR with mutant template. Lane 3: (control) LCR without template. 
The ligation product (50 bp) was only generated in the positive reactive containing 
wildtype template. 

FIGURE 28 is an HPLC chromatogram of two poo£d positive LCRs. 

FIGURE 29 shows an HPLC chromatogram the same conditions but mutant 
template were used. The small signal of the ligation product is due to either template-free 
ligation of the educts or to a ligation at a (G-T, A-C) mismatch. The 'false positive' signal 
is significantly lower than the signal of ligation product with wildtype template depicted in 
Figure 28. The analysis of ligation educts leads to 'double -peaks' because two of the 
oligonucleotides are 5 - phosphorylated. 

FIGURE 30 In a the complex signal pattern obtained by MALDI-TOF-MS 
analysis of Pfu DNA-ligase solution is depicted. In b a MALDI-TOF-spectrum of an 
unpurified LCR is shown. The mass signal 67569 Da probably represents the Pfu DNA 
ligase. 

FIGURE 3 1 shows a MALDI-TOF spectrum of two pooled positive LCRs 
(a). The signal at 7523 Da represents unligated oligo A (calculated: 7521 Da) whereas the 
signal at 15449 Da represents the ligation product (calculated: 15450 Da). The signal at 
3774 Da is the [M+2H] 2+ signal of oligo A. The signals in the mass range lower than 2000 
Da are due to the matrix ions. The spectrum corresponds to lane 1 in figure 2a and to the 
chromatogram in figure 2b. In b a spectrum of two pooled negative LCRs (mutant 
template) is shown. The signal at 7517 Da represents oligo A (calculated: 7521 Da). In c a 
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genetic disease, a chromosomal abnormality, a genetic predisposition, a viral infection a 
fungal infection, a bacterial infection and a protist infection. 

1 9. A process for detecting a target nucleic acid sequence present m a 
biological sample, comprising the steps of: 

a) obtaining a nucleic acid molecule containing a target nucleic acid 
sequence from a biological sample: 

b) amplifying the target nucleic acid sequence using an appropriate 

amplification procedure, thereby obtaining an amplified target nucleic acid 
sequence. 

c) hybridizing a detector oligonucleotide with the nucleic acid molecule and 
removing unhybridized detector oligonucleotide- 

d) ionizing and volatizing the product of step c): and 

e) detecting the detector oligonucleotide by mass spectrometry, wherein 
detection of the detector oligonucleotide indicates the presence of the target 
nucleic acid sequence in the biological sample. 



an 



20. A process of claim 19, wherein the target nucleic acid is amplified by - 
amphficanon procedure selected from the group consisting of: cloning, transcription based 
amplification, the polymerase chain reaction (PCR). the Iigase chain reaction (LCR). and 
strand displacement amplification (SDA). 

21. A process of claim 19. wherein the mass spectrometer is selected from the 

group consisting of: Matrix-Assisted Laser ^sorption/Ionization. Time-of-Flight (MALDI- 

Electrospray (ES). Ion Cyclotron Resonance (ICR). Fourier Transform and 
combinations thereof. 

22. A process of claim 19. wherein prior to step d). the sample is conditioned. 

23. A process of claim 22. wherein the sample is conditioned bv mass 

differentiation. 

24. A process of claim 23. wherein the mass differentiation is achieved bv 
mass modifying functionalities attached to primers used for amplification. 

25. A process of claim 23. wherein the mass differentiation is achieved bv 
exchange of cations or removal of the charge at the phosphodiester bond. 
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lanes 3 and 4: unmodified and 7-deazapurine modified 200-mer (71 123 and 39582 counts) 
and lanes 5 and 6: unmodified and 7-deazapurine modified 99-mer (173216 and 94400 
counts). 

FIGURE 40 a) MALDI-TOF mass spectrum of the unmodified 103-mer 
PCR products (sum of twelve single shot spectra). The mean value of the masses 
calculated for the two single strands (3 1 768 u and 3 1 759 u) is 3 1 763 u. Mass resolution: 
18. b) MALDI-TOF mass spectrum of 7-deazapurine containing 103-mer PCR product 
(sum of three single shot spectra). The mean value of the masses calculated for the two 
single strands (3 1 727 u and 3 1 71 9 u) is 3 1 723 u. Mass resolution: 67. 

FIGURE 41 : a) MALDI-TOF mass spectrum of the unmodified 99-mer 
PCR product (sum of twenty single shot spectra). Values of the masses calculated for the 
two single strands: 3026 1 u and 30794 u. b) MALDI-TOF mass spectrum of the 7- 
deazapurine containing 99-mer PCR product (sum of twelve single shot spectra). Values of 
the masses calculated for the two single strands: 30224 u and 30750 u. 

FIGURE 42: a) MALDI-TOF mass spectrum of the unmodified 200-mer 
PCR product (sum of 30 single shot spectra). The mean value of the masses calculated for 
the two single strands (61873 u and 61595 u) is 61734 u. Mass resolution: 28. b) MALDI- 
TOF mass spectrum of 7-deazapurine containing 200-mer PCR product (sum of 30 single 
shot spectra). The mean value of the masses calculated for the two single strands (61772 u 
and 61514 u) is 61 643 u. Mass resolution: 39. 

FIGURE 43: a) MALDI-TOF mass spectrum of 7-deazapurine containing 
1 00-mer PCR product with ribomodified primers. The mean value of the masses calculated 
for the two single strands (30529 u and 3 1095 u) is 30812 u. b) MALDI-TOF mass 
spectrum of the PCR-product after hydrolytic primer-cleavage. The mean value of the 
masses calculated for the two single strands (25104 u and 25229 u) is 25167 u. The mean 
value of the cleaved primers (5437 u and 5918 u) is 5677 u. 

FIGURE 44 A-D shows the MALDI-TOF mass spectrum of the four 
sequencing ladders obtained from a 39-mer template (SEQ. ID. No. 13), which was 
immobilized to streptavidin beads via a 3' biotinylation. A 14-mer primer (SEQ. ID. NO. 
1 4) was used in the sequencing. 

FIGURE 45 shows a MALDI-TOF mass spectrum of a solid state 
sequencing of a 78-mer template (SEQ. ID. No. 15), which was immobilized to streptavidin 
beads via a 3' biotinylation. A 18-mer primer (SEQ ID No. 16) and ddGTP were used in 
the sequencing. 

FIGURE 46 shows a scheme in which duplex DNA probes with single- 
stranded overhang capture specific DNA templates and also serve as primers for solid state 
sequencing. 

FIGURE 47 A-D shows MALDI-TOF mass spectra obtained from a 5' 
fluorescent labeled 23-mer (SEQ. ID. No. 19) annealed to an 3' biotinylated 18-mer (SEQ. 



SUBSTITUTE SHEET (RULE 26) 



WO 96/29431 



PCT/US96/03651 



-59- 

34. A process of claim 33. wherein the solid support is selected from the 
group consisting of: beads, flat surfaces, pins, combs and wafers. 

35. A process of claim 33. wherein the complementary capture nucleic acid 
sequences arc oligonucleotides or oligonucleotide mimetics. 

36. A process of claim 33. wherein the immobilization is reversible. 

37. A process of claim 33 wherein the mass spectrometer is selected from the 
group consisting of: Matrix-Assisted Laser Desorption/Ionization Time-of-Flight (MALDl- 
TOF). Electrospray (ES). Ion Cyclotron Resonance ( ICR). Fourier Transform and 
combinations thereof. 

38. A process of claim 33. wherein prior to step e). the sample is conditioned. 

39. A process of claim 38. wherein the sample is conditioned bv mass 

differentiation. 

40. A process of claim 38. wherein the mass differentiation is achieved by the 
introduction of mass modifying functionalities in the base, sugar or phosphate moietv of the 
detector oligonucleotides. 

41. A process of claim 39. wherein the mass differentiation is achieved bv 
exchange of cations or removal of the charge at the phosphodiester bond. 

42. A process of claim 33. wherein after step a), the target nucleic acid 
sequence is replicated into DNA using mass modified deoxynucleoside and/or 
dideoxynucleoside triphosphates and RNA dependent DNA polymerase. 

43. A process of claim 33. wherein after step a), the target nucleic acid 
sequence is replicated into RNA using mass modified ribonucleoside and/or 3'- 
deoxynucleoside triphosphates and DNA dependent RNA polymerase. 

44. A process of claim 33. wherein after step a), the target nucleic acid is 
replicated into DNA using mass modified deoxynucleoside and/or dideoxynucleoside 
triphosphates and a DNA dependent DNA polymerase. 

45. A process of claim 33 wherein the target nucleic acid sequence is a DNA 
fingerprint or a disease or condition selected from the group consisting of a genetic disease, a 
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(e.g. oligonucleotides or oligonucleotide mimetics). However, the molecular weight 
differences between the detector oligonucleotides Dl, D2 and D3 must be large enough so 
that simultaneous detection (multiplexing) is possible. This can be achieved either by the 
sequence itself (composition or length) or by the introduction of mass-modifying 
functionalities Ml - M3 into the detector oligonucleotide.(FIGURE 2) 

Mass modifying moieties can be attached, for instance, to either the 5'-end 
of the oligonucleotide (M 1 ), to the nucleobase (or bases) (M 2 , M 7 ), to the phosphate 
backbone (M 3 ), and to the 2*-position of the nucleoside (nucleosides) (M 4 , M$) or/and to 
the terminal 3'-position (M 5 )- Examples of mass modifying moieties include , for example, 
a halogen, an azido, or of the type, XR, wherein X is a linking group and R is a mass- 
modifying functionality. The mass-modifying functionality can thus be used to introduce 
defined mass increments into the oligonucleotide molecule. 

Here the mass-modifying moiety, M, can be attached either to the 
nucleobase, M 2 (in case of the c 7 -deazanudeosides also to C-7, M 7 ), to the triphosphate 
1 5 group at the alpha phosphate, M 3 , or to the 2 , -position of the sugar ring of the nucleoside 
triphosphate, M 4 and M°\ Furthermore, the mass-modifying functionality can be added so 
as to affect chain termination, such as by attaching it to the 3'-position of the sugar ring in 
the nucleoside triphosphate, M$. For those skilled in the art, it is clear that many 
combinations can serve the purpose of the invention equally well. In the same way, those 
skilled in the art will recognize that chain-elongating nucleoside triphosphates can also be 
mass-modified in a similar fashion with numerous variations and combinations in 
functionality and attachment positions. 

Without limiting the scope of the invention, the mass-modification, M, can 
be introduced for X in XR as well as using oligo-/polyethylene glycol derivatives for R. 
The mass-modifying increment in this case is 44, i.e. five different mass-modified species 
can be generated by just changing m from 0 to 4 thus adding mass units of 45 (m=0), 89 
(m=l), 133 (m=2), 177 (m=3) and 221 (m=4) to the nucleic acid molecule (e.g. detector 
oligonucleotide (D) or the nucleoside triphosphates (FIGURE 6(C)), respectively). The 
oligo/polyethylene glycols can also be monoalkylated by a lower alkyl such as methyl, 
30 ethyl, propyl, isopropyl, t-butyl and the like. A selection of linking functionalities, X, are 
also illustrated. Other chemistries can be used" in the mass-modified compounds, as for 
example, those described recently in Oligonucleotides and Analoeues. A Practical 
Approach. F. Eckstein, editor, IRL Press, Oxford, 1 99 1 . 

In yet another embodiment, various mass-modifying functionalities, R, other 
35 than oligo/polyethylene glycols, can be selected and attached via appropriate linking 
chemistries, X. A simple mass-modification can be achieved by substituting H for 
halogens like F, CI, Br and/or I, or pseudohalogens such as SCN, NCS, or by using 
different alkyl, aryl or aralkyl moieties such as methyl, ethyl, propyl, isopropyl, t-butyl, 
hexyl, phenyl, substituted phenyl, benzyl, or functional groups such as CH-?F, CHF-?, CF3, 
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b) hybridizing the nucleic acid molecule with an oligonucleotide probe 
thereby forming a mismatch at the site of a mutation: 

c) contacting the product of step b) with a single strand specific endonu.u 

d) ionizing and volatizing the product of step c): and ^nuclease: 

e) detecting the products obtained by mass spectrometry, wherein the presence 
of more than one fragment, indicates that the nucleic acid molecule contains a 
mutation. n:> a 



49. A process for detecting a target nucleic acid sequence present ,n a 
biological sample, comprising the steps of: 

a) obtaining a nucleic acid containing a target nucleic acid 
sequence from a biological sample: 

b) performing at least one hybridization of the target nucleic acid sequence 
with a set of ligation educts and a thermostable DNA ligase. therebv forming a 
ligation product; " * 

c) ionizing and volatizing the product of step b): and 

d) detecting the ligation product by mass spectrometry and comparing the 
value obtained with a known value to determine the target nucleic acid 
sequence. 
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In MALDI mass spectrometry, various mass analyzers can be used e g 
magnetic sector/magnetic deflection instruments in single or triple quadruple mode ' 
(MS/MS), Fourier transform and time^f-flight (TOF) configurations as is known in the an 
of mass spectrometry. For the desorption/ionization process, numerous matrix/laser 
5 combinations can be used. Ion-trap and reflectron configurations can also be employed. 

The mass spectrometric processes described above can be used, for example 
to diagnose any of the more than 3000 genetic diseases currently known (e.g hemophilias ' 
thalassemias, Duchenne Muscular Dystrophy (DMD), Huntington's Disease (HD) 
Alzheimer's Disease and Cystic Fibrosis (CF)) or to be identified. 
10 ^ foI1 °wing Example 3 provides a mass spectrometer method for 

detecting a mutation (AF508) of the cystic fibrosis transmembrane conductance regulator 
gene (CFTR), which diffprs by only three base pairs (900 daltons) from the wild type of 
CFTR gene. As described further in Example 3, the detection is based on a single-tube 
competitive oligonucleotide single base extension (COSBE) reaction using a pair of 
15 primers with the 3'-terminal base complementary to either the normal or mutant allele 

Upon hybridization and addition of a polymerase and the nucleoside triphosphate one base 
downstream, only those primers properly annealed (i.e., no 3'-terminal mismatch) are 
extended; products are resolved by molecular weight shifts as determined by matrix 
assisted laser desorption ionization time-of-flight mass spectrometry. For the cystic 
0 fibrosis AF508 polymorphism, 28-mer 'normal' (N) and 30-mer 'mutant' (M) primers 
generate 29- and 31-mers for N and M homozygotes, respectively, and both for 
heterozygotes. Since primer and product molecular weights are relatively low (<1 0 kDa) 
and the mass difference between these are at least that of a single -300 Da nucleotide unit, 
low resolution instrumentation is suitable for such measurements. 
> In addition to mutated genes, which result in genetic disease, certain birth 

defects are the result of chromosomal abnormalities such as Trisomy 2 1 (Down's 
Syndrome), Trisomy 13 (Patau Syndrome), Trisomy 18 (Edward's Syndrome), Monosomy 
X (Turner's Syndrome) and other sex chromosome aneuploidies such as Klienfeker's 
Syndrome (XXY). 

Further, there is growing evidence that certain DNA sequences may 
predispose an individual to any of a number of diseases such as diabetes, arteriosclerosis 
obesity, various autoimmune diseases and cancer (e.g. colorectal, breasL ovarian, lung); 
chromosomal abnormality (either prenatally or postnatally): or a predisposition to a disease 
or condition (e.g. obesity, artherosclerosis, cancer). Also, the detection of "DNA 
fingerprints", e.g. polymorphisms, such as "microsatellite sequences", are useful for 
determining identity or heredity (e.g. paternity or maternity). 

The following Example 4 provides a mass spectometer method for 
identifying any of the three different isoforms of human apolipoprotein E, which are coded 
by the E2, E3 and E4 alleles. Here the molecular weights of DNA fragments obtained after 
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gonorrhoeae, Neisseria meningitidis. Listeria monocytogenes. Streptococcus pyogenes 
(Group A Streptococcus), Streptococcus agalactiae (Group B Streptococcus), 
Streptococcus (viridans group), Streptococcus faecalis. Streptococcus bovis. Streptococcus 
(anaerobic sps.), Streptococcus pneumoniae, pathogenic Campylobacter sp., Enterococcus 
sp., Haemophilus influenzae, Bacillus antracis, coryne bacterium diphtheriae, 
corynebacterium sp., Erysipelothrrx rhusiopathiae, Clostridium perfringers, Clostridium 
tetani, Enterobacter aerogenes, Klebsiella pneumoniae, Pasturella multocida, Bacteroides 
sp. Fusobacterium nucleatum, Streptobacillus moniliformis, Treponema pallidium. 
Treponema pertenue, Leptospira, and Actinomyces israelii. 



Examples of infectious fungi include: Cryptococcus neoformans, 
Histoplasma capsulatum, Coccidioides immitis, Blastomyces dermatitidis, Chlamydia 
trachomatis, Candida albicans. Other infectious organisms (i.e., protists) include: 
Plasmodium falciparum and Toxoplasma gondii. 

The following Example 5 provides a nested PCR and mass spectrometer 
based method that was used to detect hepatitis B virus (HB V) DNA in blood samples. 
Similarly, other blood-bome viruses (e.g., HTV-1, HTV-2, hepatitis C virus (HCV), hepatitis 
A virus (HAV) and other hepatitis viruses (e.g., non-A-non-B hepatitis, hepatitis G, hepatits 
E), cytomegalovirus, and herpes simplex virus (HSV)) can be detected each alone or in 
combination based on the methods described herein. 

Since the sequence of about 1 6 nucleotides is specific on statistical grounds 
(even for a genome as large as the human genome), relatively short nucleic acid sequences 
can be used to detect normal and defective genes in higher organisms and to detect 
infectious microorganisms (e.g. bacteria, fungi, protists and yeast) and viruses. DNA 
sequences can even serve as a fingerprint for detection of different individuals within the 
same species. (Thompson, J.S. and M.W. Thompson, eds., Genetics in Medicine . W.B. 
Saunders Co., Philadelphia, PA (1986). 

One process for detecting a wildtype (Dwt) and/ or a mutant (Dmut) 
sequence in a target (T) nucleic acid molecule is shown in Figure 1 C. A specific capture 
sequence (C) is attached to a solid support (ss) via a spacer (S). In addition, the capture 
sequence is chosen to specifically interact with a complementary sequence on the target 
sequence (T), the target capture site (TCS) to be detected through hybridization. However, 
if the target detection site (TDS) includes a mutation, X, which increases or decreases the 
molecular weight, mutated TDS can be distinguished from wildtype by mass spectrometry. 
For example, in the case of an adenine base (dA) insertion, the difference in molecular 
weights between Dwt and Dmut would be about 3 14 daltons. 
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(1994)) and TAC N-protecting groups (Koster et al., Tetrahedron, 37, 362 (1981)) was 
performed to synthesize a 3'-T 5 -50mer oligonucleotide sequence in which 50 nucleotides 
are complementary to a "hypothetical" 50mer sequence. T 5 serves as a spacer. 
Deprotection with saturated ammonia in methanol at room temperature for 2 hours 
furnished according to the determination of the DMT group CPG which contained about 10 
umol 55mer/g CPG. This 55mer served as a template for hybridizations with a 26mer (with 
5 -DMT group) and a 40mer (without DMT group). The reaction volume is 1 00 ul and 
contains about Inmol CPG bound 55mer as template, an equimolar amount of 
oligonucleotide in solution (26mer or 40mer) in 20mM Tris-HCI, pH 7.5, 10 mM MgCI 
and 25mM NaCI. The mixture was heated for 10 1 at 65°C and cooled to 37°C during 30^ 
(annealing). The oligonucleotide which has not been hybridized to the polymer-bound 
template were removed bp* : centrifugation and *hree subsequent vv^^ — 
steps with 100 ul each of ice-cold 50mM ammoniumcitrate. The beads were air-dried and 
mixed with matrix solution (3-hydroxypicolinic acid/1 OmM ammonium citrate in 
acetonitril/water, 1:1), and analyzed by MALDI-TOF mass spectrometry. The results are 
presented in Figures 1 0 and 1 1 

Example 2 Electrosprav (FS) desormion and different^™ n f ^ } g_ mer anH 1Q 

DNA fragments at a concentration of 50 pmole/ul in 2-propanoI/10mM 
ammoniumcarbonate (1/9, v/v) were analyzed simultaneously by an electrosprav mass 
spectrometer. 

The successful desorption and differentiation of an 18-mer and 19-mer by 
electrospray mass spectrometry is shown in FIGURE 12. 

Example 3 Petection of The Cvstic Fihm.i. Mutati™ af^« , b v sin*!* «m h,h~w„ 

extension and analysis hv MALDf-TOF mass snectrnrngm, 

MATERIALS AND METHODS 

PCR Amplification and Strand Immobilization. Amplification was carried 
out with exon 10 specific primers using standard PCR conditions (30 cycles: r@.95°C, 
l'@55°C, 2 , @72°C): the reverse primer was 5' labelled with biotin and column purified 
(Oligopurification Cartridge, Cruachem). After amplification the PCR products were 
purified by column separation (Qiagen Quickspin) and immobilized on streptavidin coated 
magnetic beads (Dynabeads, DynaL Norway) according to their standard protocol; DNA 
was denatured using 0.1M NaOH and washed with 0. 1M NaOH, IxB+W buffer and TE 
buffer to remove the non-biotinylated sense strand. 
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Likewise, if V is properly matched to the M terminus, M is extended to a 9477.3 Da M+l 
product 



10 



15 



20 



Results 

Figures 14-18 show the representative mass spectra of COSBE reaction 
products. Better results were obtained when PGR products were purified before the 
biotinylated anti-sense strand was bound 

Exam P le 4 Differentiation of Human Apolipoprotein E Isoforms bv Mass Sp *rtrr»™^, 

Apolipoprotein E (Apo E), a protein component of lipoproteins, plays an 
essential role in lipid metabolism. For example, it is involved with cholesterol transport, 
metabolism of lipoprotein particles, immunoregulation and activation of a number of 
lipolytic enzymes. 

There are three common isoforms of human Apo E (coded by E2, E3 and E4 
alleles). The most common is the E3 allele. The E2 allele has been shown to decrease the 
cholesterol level in plasma and therefore may have a protective effect against the 
development of atherosclerosis. Finally, the E4 isofonn has been correlated with increased 
levels of cholesterol, conferring predisposition to atherosclerosis. Therefore, the identitv of 
the apo E allele of a particular individual is an important determinant of risk for the 
development of cardiovascular disease. 



As shown in Figure 19, a sample of DNA encoding apolipoprotein E can be 
obtained from a subject, amplified (e.g. via PCR); and the PCR product can be digested 
using an appropriate enzyme (e.g. Cfol). The restriction digest obtained can then be 
analyzed by a variety of means. As shown in Figure 20, the three isotypes of 
apolipoprotein E (E2, E3 and E4 have different nucleic acid sequences and therefore also 
have distinguishable molecular weight values. 

As shown in Figure 21A-C different Apolipoprotein E genotypes exhibit 
different restriction patterns in a 3.5% MetPhor Agarose Gel or 12% polyacrylamide gel. 
As shown in Figures 22 and 23, the various apolipoprotein E genotypes can also be 
accurately and rapidly determined by mass spectrometry. 

Example 5 Detection of hepatitis B virus in serum samples. 
MATERIALS AND METHODS 
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Collector, MPC, (Dynal, Hamburg, Germany). The beads were washed rwice with 50 ul of 
0.7 M ammonium citrate solution, pH 8.0 (the supernatant was removed each time using 
the MPC). Cleavage from the beads can be accomplished by using formamide at 90°C 
The supernatant was dried in a speedvac for about an hour and resuspended in 4 ul of ' 
ultrapure water (MilliQ UF plus Millipore, Eschbom, Germany). This preparation was 
used for MALDI-TOF MS analysis. 

MALDT-TOF MS- 

. Haifa microliter of the sample was pipetted onto the sample holder then 

immed,ately mixed with 0.5 ul matrix solution (0.7 M3-h y droxypicolinic acid 50% 
acetonitnle, 70 mM ammonium citrate). This mixture was dried at ambient temperature 
and introduced into the fiass spectrometer. "All spectra were taken in positive ion mode • - 
usmg a Finniga* MAT Vision 2000 (Finnigan MAT, Bremen, Germany), equipped with a 
reflectron (5 keV ion source, 20 keV postacceleration) and a 337 nm nitrogen laser 
Cahbraaon was done with amixture of a 40mer and a lOOmer. Each sample was measured 
with Afferent laser energies. In the negative samples, the PCR product was detected 
neither with less nor with higher laser energies. In the positive samples the PCR product 
was detected at different places of the sample spot and also with varying laser energies. 

r 

20 Results 

A nested PCR system was used for the detection of HBV DNA in blood 
samples employing oligonucleotides complementary to the c region of the HBV genome 
(pnmer 1 : beginning at map position 1 763, primer 2 beginning at map position 2032 of the 
complementary strand) encoding the HBV core antigen (HBVcAg). DNA was isolated 
from patients serum according to standard protocols. A first PCR was performed with the 
from mese Preparations using a first set of primers. If HBV DNA was present in the 
sample a DNA fragment of 269 bp was generated. 

In the second reaction, primers which were complementary to a region 
withm the PCR fragment generated in the first PCR were used. If HBV related PCR 
products were present in the first PCR a DNA fragment of 67 bp was generated (see Fig 
25 A) m this nested PCR. The usage of a nested PCR system for detection provides a high 
sensm VI ty and also serves as a specificity control for the external PCR (Rolfs, A et al 
PCR: Clinical Diagnostics and Research, Springer, Heidelberg, 1992). A further advantage 
is that the amount of fragments generated in the second PCR is high enough to ensure an 
unproblematic detection although purification losses can not be avoided. 

The samples were purified using ultrafiltration to remove the primers prior 
to immobilization on streptavidin Dynabeads. This purification was done because the 
shoner primer fragments were immobilized in higher yield on the beads due to steric 
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20751 Da (calculated 20735). The mass difference is 16 Da (0.08%). The spectrum 
depicted in Fig. 25C was obtained from sample number 4 which is HBV negative (as is also 
shown in Fig 24). As expected no signals corresponding to the PCR product could be 
detected. All samples shown in Fig. 25 were analyzed with MALDI-TOF MS, whereby 
PCR product was detected in all HBV positive samples, but not in the HBV negative 
samples. These results were reproduced in several independent experiments. 

Example 6 Analysis of Ligase Chain Reaction Products Via MALDI-TOF M a « 

Spectrometry 

MATERIALS AND METHODS 

Oligodeoxymtcleotides 

Except the biotinylated one and all other oligonucleotides were synthesized 
in a 02 umol scale on a MilliGen 7500 DNA Synthesizer (Millipore, Bedford MA, USA) 
using the P-cyanoethylphosphoamidite method (Sinha, N.D. et al., (1984) Nucleic Acids 
Res., Vol. 12, Pp. 4539-4577). The oligodeoxynucleotides were RP-HPLC-purified and 
deprotected according to standard protocols. The biotinylated oligodeoxynucleotide was 
purchased (HPLC-purified) from Biometra, Gottingen, Germany). 



Sequences and calculated masses of the oligonucleotides used: 

Oligodeoxynucleotide A: 5 • -p-TTGTGCCACGCGGTTGGGAATGTA (7521 DaXSEQ ID 
No. 9) 

Oligodeoxynucleotide B: 5 • -p-AGCAACGACTGTTTGCCCGCCAGTTG (7948 Da) (SEQ 
25 ID No. 10) 

Oligodeoxynucleotide C: 5 • -bio-TACATTCCCAACCGCGTGGCACAAC (7960 Da) (SEQ 
ID No. 11) 

Oligodeoxynucleotide D: 5 • - p - AACTGGCGGGCAAACAGTCGTTGCT (7708 Da) (SEQ ID 
No. 12) 



5 '-Phosphorylation of oligonucleotides A and D 

This was performed with polynucleotide kinase (Boehringer, Mannheim, 
German) according to published procedures, the 5'-phosphorylated oligonucleotides were 
used unpurified for LCR. 

Ligase chain reaction 

The LCR was performed with Pfit DNA ligase and a ligase chain reaction kit 
(Stratagene, Heidelberg, Germany) containing two different pBluescript KII phagemids. 
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(Millipore, Eschborn, Gennany) according to the instructions of the manufacturer. After 
concentration the samples were washed with 300 ul lx B/W buffer to streptavidin 
DynaBeads were added. The beads were washed once on the Ultrafree-MC filtration unit 
with 300 ul of lx B/W buffer and processed as described above. The beads were 
: resuspended in 30 to 50 ul of lx B/W buffer and transferred in a 1 .5 ml Eppendorf tube. 
The supernatant was removed and the beads were washed twice with 50 ul of 0.7 M 
ammonium citrate (pH 8.0). Finally, the beads were washed once with30 ul of acetone and 
resuspended in 1 ul of ultrapure water. The ligation mixture after immobilization on the 
beads was used for MALDS-TOF-MS analysis as described below. 

MALDI-TOF-MS 

A suspension of streptavidin-coated magnetic beads withthe immobilized^-' 
DNA was pipetted onto the sample holder, then immediately mixed with 0.5 ul matrix 
solution (0.7 M 3-hydroxypicolinic acid in 50% acetonitrile, 70 mM ammonium citrate). 
This mixture was dried at ambient temperature and introduced into the mass spectrometer. 
All spectra were taken in positive ion mode using a Finnigan MAT Vision 2000 (Finnigan 
MAT, Bremen, Germany), equipped with a reflectron (5 keV ion source, 20 keV 
postacceleration) and a nitrogen laser (337 nm). For the analysis of Pfu DNA ligase 0 5 ul 
of the solution was mixed on the sample holder with 1 ul of matrix solution and prepared as 
described above. For the analysis of unpurified LCRs 1 ul of an LCR was mixed with 1 ul 
matrix solution. 

RESULTS AND DISCUSSION 

The E. coli lad gene served as a simple model system to investigate the 
suitability of MALDI-TOF, -MS as detection method for products generated in ligase chain 
reactions. This template system consists of an E.coli lad wildtype gene in a pBluescript 
KII phagemid and an E. coli lad gene carrying a single point mutation at bp 1 9 1 (C to T 
transition) in the same phagemid. Four different oligonucleotides were used, which were 
hgated only if the E. coli lad wildtype gene was present (Figure 26). 

LCR conditions were optimized using Pfu DNA ligase to obtain at least 1 
pmol ligation product in each positive reaction. The ligation reactions were analyzed by 
polyacrylamide gel electrophoresis (PAGE) and HPLC on the SMART system (Figures 27, 
28 and 29). Figure 27 shows a PAGE of a positive LCR with wildtype template (lane 1), a 
negative LCR with mutant template ( 1 and 2) and a negative control which contains 
enzyme, oligonucleotides and no template. The gel electrophoresis clearly shows that the 
ligation product (50bp) was produced only in the reaction with wildtype template whereas 
neither the template carrying the point mutation nor the control reaction with salmon sperm 
DNA generated amplification products. In Figure 28, HPLC was used to analyze two 
pooled LCRs with wildtype template performed under the same conditions. The ligation 
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corresponds to the ligation product could be detected. The agreement between the 
calculated and the experimentally found mass values is remarkable and allows an 
unambiguous peak assignment and accurate detection of the ligation product. In contrast, 
no ligation product but only oligo A could be detected in the spectrum obtained from two 
pooled LCRs with mutated template (Figure 3 IB). The specificity and selectivity of the 
LCR conditions and the sensitivity of the MALDI-TOF detection is further demonstrated 
when performing the ligation reaction in the absence of a specific template. Figure 32 
shows a spectrum obtained from two pooled LCRs in which only salmon sperm DNA was 
used as a negative control, only oligo A could be detected, as expected. 

While the results shown in Figure 3 1A can be correlated to lane 1 of the gel 
in Figure 27, the spectrum shown in Figure 3 IB is equivalent to lane 2 in Figure 27, and 
finally also the spectrum in Figure 32 corresponds to lane 3 in Figure 27. The results are in 
congruence with the HPLC analysis presented in Figures 28 and 29. While both gel 
electrophoresis (Figure 27) and HPLC (Figures 28 and 29) reveal either an excess or almost 
1 5 equal amounts of ligation product over ligation educts. the analysis by MALDI-TOF mass 
spectrometry produces a smaller signal for the ligation product (Figure 31 A). 

The lower intensity of the ligation product signal could be due to different 
desorption/ionization efficiencies between 24- and a 50-mer. Since the T m value of a 
duplex with 50 compared to 24 base pairs is significantly higher, more 24-mer could be 
20 desorbed. A reduction in signal intensity can also result from a higher degree of 
fragmentation in case of the longer oligonucleotides. 

Regardless of the purification with streptavidin DynaBeads, Figure 32 
reveals traces of Tween20 in the region around 2000 Da. Substances with a viscous 
consistence, negatively influence the process of crystallization and therefore can be 
detrimental to mass spectrometer analysis. Tween20 and also glycerol which are part of 
enzyme storage buffers therefore should be removed entirely prior to mass spectrometer 
analysis. For this reason an improved purification procedure which includes an additional 
ultrafiltration step prior to treatment with DynaBeads was investigated. Indeed, this sample 
purification resulted in a significant improvement of MALDI-TOF mass spectrometry 
performance. 

Figure 33 shows spectra obtained from two pooled positive (3 3 A) and 
negative (33B) LCRs, respectively. The positive reaction was performed with a chemically 
synthesized, single strand 50mer as template with a sequence equivalent to the ligation 
product of oligo C and D. Oligo C was 5-biotinylated. Therefore the template was not 
detected. As expected, only the ligation product of Oligo A and B (calculated mass 15450 
Da) could be desorbed from the immobilized and ligated oligo C and D. This newly 
generated DNA fragment is represented by the mass signal of 1 5448 Da in Figure 33 A. 
Compared to Figure 32A, this spectrum clearly shows that this method of sample 
preparation produces signals with improved resolution and intensity. 

SUBSTITUTE SHEET (RULE 26) 



25 





WO 96/29431 — — 

PCT/DS96/03651 

-35- 

Purification of the PCR products 

Amplification products were purified by using Qiagen's PCR purification kit 
(No. 28106) according to manufacturer's instructions. The elution of the purified products 
from the column was done in 50 ul TE-buffer (lOmM Tris, 1 mM EDTA, pH 7,5). 

Affinity-capture and dertaturation of the double stranded DNA 
10 uL aliquots of the purified PCR product were transferred to one well of a 
streptavidin-coated microliter plate (No. 1645684 Boehringer-Mannheim or Noo. 95029262 
Labsystems). Subsequently, 10 ul incubation buffer (80 mM sodium phosphate, 400 mM 
NaCl, 0,4% Tween20, pH 7,5) and 30 ul water were added. AFter incubation for 1 hour at 
room temperature the wells were washed three times with 200ul washing buffer (40 mM 
Tris, 1 mM EDTA, 50 mM NaCl, 0. 1 % Tween 20, pH8,8). To denaturate the double 
stranded DNA the wells were treated with 100 ul of a 50 mM NaOH solution for 3 min. 
Hence, the wells were washed three times with 200 ul washing buffer. 

Oligo base extension reaction 

The annealing of 25 pmol detection primer (CF508: 
5'CT AT ATTC ATC ATAGGAAAC ACC A-3 ' (SEQ ID No. 15) was performed in 50 ul 
annealing buffer (20 mM Tris, 10 mM KC1, 10 mM (NH^SC^, 2 mM MgSO, 1% Triton 
X-100, pH 8,75) at 50°C for 10 min. The wells were washed three times with 200 ul 
washing buffer and oncein 200 ul TE buffer. The extension reaction was performed by 
using some components of the DNA sequencing kit from USB (No? 70770) and dNTPs or 
ddNTPs from Pharmacia. The total reaction volume was 45 ul. consisting of 21 ul water, 
6 ul Sequenase-buffer, 3 ul 10 mM DTT solution, 4,5 ul, 0,5 mM of three dNTPs, 4,5 ul, 2 
mM the missing one ddNTP, 5,5 ul glycerol enzyme diluton buffer, 0,25 ul Sequenase 2.0, 
and 0,25 pyrophosphatase. The reaction was pipetted on ice and then incubated for 15 min 
at room temperature and for 5 min at 37°C. Hence, the wells were washed three times with 
200 ul washing buffer and once with 60 ul of a 70 mM NH 4 -Citrate solution. 



Denaturation and precipitation of the extended primer 
The extended primer was denatured in 50 ul 10%-DMSO 
(dimethylsufoxide) in water at 80°C for 10 min. For precipitation, 10 ul NH4-Acetat (pH 
6,5), 0,5 ul glycogen (10 mg/ml water, Sigma No. G1765), and 100 ul absolute ethanol 
were added to the supernatant and incubated for 1 hour at room temperature. After 
centrifugation at 13.000 g for 10 min the pellet was washed in 70% ethanol and 
resuspended in 1 ul 1 8 Mohm/cm H 2 0 water. 

Sample preparation and analysis on MALDI-TOF mass spectrometry 



SUBSTITUTE SHEET (RULE 26) 





WO 96/29431 PCT/US96/03651 

-37- 

extension of mutation detection primer is applicable in each disease gene or polymorphic 
region in the genome like variable number of tandem repeats (VNTR) or other single 
nucleotide polymorphisms (e.g., apolipoprotein E gene). 

Example 8: Detection of Polymerase Chain Reaction Products Containing 7- 

Deazapurine Moieties with Matrix- Assisted Laser Desorption/Ionization 
Time-of-Flight (MALDI-TOF) Mass Spectrometry 



MATERIALS AND METHODS 



PCR amplifications 

The following oligodeoxynucleotide primers were either synthesized 
according to standard phosphoamidite chemistry (Sinha, N.D,. et al., (1983) Tetrahedron 
Let. Vol. 24, Pp. 5843-5846; Sinha, N.D., et al., (1984) Nucleic Acids Res., Vol. 12, Pp. 
4539-4557) on a MilliGen 7500 DNA synthesizer (Millipore, Bedford, MA, USA) in 200 
nmol scales or purchased from MWG-Biotech (Ebersberg, Germany, primer 3) and 
Biometra (Goettingen, Germany, primers 6-7). 

primer 1: 5*-GTCACCCTCGACCTGCAG (SEQ. ID. NO. 16); 

primer 2: 5'-TTGTAAAACGACGGCCAGT (SEQ. ID. NO. 17); 

primer 3: 5'-CTTCCACCGCGATGTTGA (SEQ. ID. NO. 1 8); 

primer 4: 5'-CAGGAAACAGCTATGAC (SEQ. ID. NO. 19); 

primer 5: 5'-GTAAAACGACGGCCAGT (SEQ. ID. NO. 20); 

primer 6: 5'-GTC ACCCTCGACCTGCAgC (g: RiboG) (SEQ. ID. NO. 2 1 ); 

primer 7: 5'-GTTGTAAAACGAGGGCCAgT (g: RiboG) (SEQ. ID. NO. 22); 



The 99 -mer and 200-mer DNA strands (modified and unmodified) as well as 
the ribo- and 7-deaza-modified 100-mer were amplified from pRPcl DNA (10 ng, 
generously supplied S. Feyerabend, University of Hamburg) in 100 |iL reaction volume 
containing 10 mmol/L KC1, 10 mmol/L (NH4)2S04, 20 mmol/L Tris HC1 (pH = 8.8), 2 
mmol/L MgS04, (exo(-)Pseudococcus Juriosus (Pfu) -Buffer, Pharmacia, Freiburg, 
Germany), 0.2 mmol/L each dNTP (Pharmacia, Freiburg, Germany), 1 famol/L of each 
primer and 1 unit of exo(-)Pfu DNA polymerase (Stratagene, Heidelberg, Germany). 

For the 99-mer primers 1 and 2, for the 200-mer primers 1 and 3 and for the 
1 00-mer primers 6 and 7 were used. To obtain 7-deazapurine modified nucleic acids, 
during PCR-ampIification dATP and dGTP were replaced with 7-deaza-dATP and 7-deaza- 
dGTP. The reaction was performed in a thermal cycler (OmniGene, MWG-Biotech, 
Ebersberg, Germany) using the cycle: denaturation at 95°C for 1 min.„ annealing at 51°C 
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keV postacceieration. The instrument was equipped with a nitrogen laser (337 nm 
wavelength). The vacuum of the system was 3-4« 10"^ hPa in the analyzer region and 1 -4* 
1 0*7 hPa in the source region. Spectra of modified and unmodified DN A samples were 
obtained with the same relative laser power; external calibration was performed with a 
mixture of synthetic oligodeoxynucleotides (7-to50-mer). 

RESULTS AND DISCUSSION 

Enzymatic synthesis ofl-deazapurine nucleotide containing nucleic 
acids by PCR 

In order to demonstrate the feasibility of MALDI-TOF MS for the rapid, 
gel-free analysis of short PCR products and to investigate the effect of 7-deazapurine v ; ' 
modification of nucleic acids under MALDI-TOF conditions, two different primer-template 
systems were used to synthesize DNA fragments. Sequences are displayed in Figures 36 
and 37. While the two single strands of the 103-mer PCR product had nearly equal masses 
(Am= 8 u), the two single strands of the 99-mer differed by 526 u. 

Considering that 7-deaza purine nucleotide building blocks for chemical 
DNA synthesis are approximately 1 60 times more expensive than regular ones (Product 
Information, Glen Research Corporation, Sterling, VA) and their application in standard {}- 
cyano-phosphoamidite chemistry is not trivial (Product Information, Glen Research 
Corporation, Sterling, VA; Schneider , K and B.T. Chait (1995) Nucleic Acids Res.23. 
1570) the cost of 7-deaza purine modified primers would be very high. Therefore, to 
increase the applicability and scope of the method, all PCRs were performed using 
unmodified oligonucleotide primers which are routinely available. Substituting dATP and 
dGTP by c 7 -dATP and c 7 -dGTP in polymerase chain reaction led to products containing 
approximately 80% 7-deaza-purine modified nucleosides for the 99-mer and 103-mer, and 
about 90% for the 200-mer, respectively. Table I shows the base composition of all PCR 
products. 
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stained gel might be artifacts since the modified DNA-strands do not necessarily need, to 
give the same band intensities as the unmodified ones. 

To verify these results, the PCRs with [ 32 P]-labeled primers were repeated. 
The autoradiogram (Figure 39) clearly shows lower yields for the modified PCR-products. 
5 The bands were excised from the gel and counted. For all PCR products the yield of the 
modified nucleic acids was about 50%, referring to the corresponding unmodified 
amplification product. Further experiments showed that exo(-)Deep Vent and Vent DNA 
polymerase were able to incorporate c 7 -dATP and c 7 -dGTP during PCR as well. The 
overall performance, however, turned out to be best for the cxo(-)Pfu DNA polymerase 

10 giving least side products during amplification. Using all three polymerases, it was found 
that such PCRs employing c 7 -dATP and c 7 -dGTP instead of their isosteres showed less 
side-reactions giving a cleaner PCR-product Decreased occurrence of amplification side 
products may be explained by a reduction of primer mismatches due to a lower stability of 
the complex formed from the primer and the 7-deaza-purine containing template which is 

15 synthesized during PCR. Decreased melting point for DNA duplexes containing 7-deaza- 
purine have been described (Mizusawa, S. et al., (1986) Nucleic Acids Res., 14, 1319-1324). 
In addition to the three polymerases specified above (exo(-) Deep Vent DNA polymerase, 
Vent DNA polymerase and exo(-) {Pfu) DNA polymerase), it is anticipated that other 
polymerases, such as the Large Klenow fragment of E.coli DNA polymerase, Sequenase, 

20 Taq DNA polymerase and U AmpliTaq DNA polymerase can be used. In addition, where 
RNA is the template, RNA polymerases, such as the SP6 or the T7 RNA polymerase, must 
be used 

MALDI-TOF mass spectrometry of modified and unmodified PCR 

25 products. 

The 99-mer, 103-mer and 200-mer PCR products were analyzed by 
MALDI-TOF MS. Based on past experience, it was known that the degree of depurination 
depends on the laser energy used for desorption and ionization of the analyte. Since the 
influence of 7-deazapurine modification on fragmentation due to depurination was to be 

30 investigated, all spectra were measured at the same relative laser energy. 

Figures 40a and 40b show the mass spectra of the modified and unmodified 
103-mer nucleic acids. In case of the modified 103-mer, fragmentation causes a broad 
(M+H) + signal. The maximum of the peak is shifted to lower masses so that the assigned 
mass represents a mean value of (M+H)"*" signal and signals of fragmented ions, rather than 

35 the (M+H) + signal itself. Although the modified 103-mer still contains about 20% A and G 
from the oligonucleotide primers, it shows less fragmentation which is featured by much 
more narrow and symmetric signals. Especially peak tailing on the lower mass side due to 
depurination, is substantially reduced. Hence, the difference between measured and 
calculated mass is strongly reduced although it is still below the expected mass. For the 
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100-mer. This procedure is especially useful for the MALDI-TOF analysis of very short 
PCR-products since the share of unmodified purines originating from the primer increases 
with decreasing length of the amplified sequence. 

The remarkable properties of 7-deazapurine modified nucleic acids can be 
explained by either more effective desorption and/or ionization, increased ion stability 
and/or a lower denaturation energy of the double stranded purine modified nucleic acid. 
The exchange of the N-7 for a methine group results in the loss of one acceptor for a 
hydrogen bond which influences the ability of the nucleic acid to form secondary structures 
due to non-Watson-Crick base pairing (Seela, F. and A. Kehne (1987) Biochemistry, 26, 
2232-2238.), which should be a reason for better desorption during the MALDI process.' In 
addition to this the aromatic system of 7-deazapurine has a lower electron density that 
weakens Watson-Crick base pairing resulting in a decreased melting point (Mizusawa, S ef 
al., (19S6) Nucleic Acids Res., 14, 1319-1324) of the double-strand. This effect may 
decrease the energy needed for denaturation of the duplex in the MALDI process. These 
aspects as well as the loss of a site which probably will carry a positive charge on the N-7 
nitrogen renders the 7-deazapurine modified nucleic acid less polar and may promote the 
effectiveness of desorption. 

Because of the absence of N-7 as proton acceptor and the decreased 
polarizaiton of the C-N bond in 7-deazapurine nucleosides depurination following the 
mechanisms established for hydrolysis in solution is prevented. Although a direct 
correlation of reactions in solution and in the gas phase is problematic, less fragmentation 
due to depurination of the modified nucleic acids can be expected in the MALDI process. 
Depurination may either be accompanied by loss of charge which decreases the total yield 
of charged species or it may produce charged fragmentation products which decreases the 
25 intensity of the non fragmented molecular ion signal. 

The observation of both increased sensitivity and decreased peak tailing of 
the (M+H) + signals on the lower mass side due to decreased fragmentation of the 7- 
deazapurine containing samples indicate that the N-7 atom indeed is essential for the 
mechanism of depurination in the MALDI-TOF process. In conclusion, 7-deazapurine 
containing nucleic acids show distinctly increased ion-stability and sensitivity under 
MALDI-TOF conditions and therefore provide for higher mass accuracy and mass 
resolution. 
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Example 9: Solid State Sequencing and Mass Spectrometer Detection 
MATERIALS AND METHODS 



Oligonucleotides were purchased from Operon Technologies (Alameda. CA) 
in an unpurifled form. Sequencing reactions were performed on a solid surface using 
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Seauencine a 78-mer target 
Sequencing complex: 

5-AAGATCTGACCAGGGATTCGGTTAGCGTGACTGCTGCTGCTGCTGCTGCTGC 

TGGATGATCCGACGCATCAGATCTGG-(A b ) n -3 (SEQ. ID. NO. 25) 
5 (TNR.PLASM2) 

3*-CTACTAGGCTGCGTAGTC-5' (CM 1 ) (SEQ. 

ID. NO. 26) 

The target TNR.PLASM2 was biotinylated and sequenced using procedures 
similar to those described in previous section (sequencing a 39-mer target). 

Sequencing a 15-mer target with partially duplex probe 

Sequencing complex: 

5-F-G ATG ATCCG ACGC ATC AC AGCTC^ ' (SEQ. ID. No. 27) 
3# -b«CTACTAGGCTGCGTAGTGTCGAGAACCTTGGCT3'(SEQ. ID. No. 28) 

CM1B3B was immobilized on Dynabeads M280 with streptavidin (Dynal, 
Norway) by incubating 60 pmol of CM1B3B with 0.3 magnetic beads in 30 fil 1M NaCl 
and TE (Ix binding and washing buffer) at room temperature for 3*0 min. The beads were 
washed twice with TE and redissolved in 30 ^1 TE, 10 or 20 p.1 aliquot (containing 0.1 or 
0.2 mg of beads respectively) was used for sequencing reactions. 

The duplex was formed by annealing corresponding aliquot of beads from 
previous step with 10 pmol of DF1 la5F (or 20 pmol of DFllaSF for 0.2 mg of beads) in a 
9 ill volume containing 2 nl of 5x Sequenase buffer (200 mM Tris-HCl, pH 7.5, 100 mM 
MgCll, and 250 mM NaCl) from the Sequenase kit The annealing mixture was heated to 
65°C and allowed to cool slowly to 37°C over a 20-30 min time period. The duplex primer 
was then mixed with 10 pmol of TSlo (20 pmol of TS10 for 0.2 mg of beads) in 1 |il 
volume, and the resulting mixture was further incubated at 37°C for 5 min, room 
temperature for 5-10 min. Then 1 jal 0.1 M dithiothreitol solution, 1 nl Mn buffer (0.15 M 
sodium isocitrate and 0.1 M MnCl 2 ), and 2 ^1 of diluted Sequenase (3.25 units) were 
added. The reaction mixture was divided into four aliquots of 3 j^l each and mixed with 
termination mixes (each consists of 4 jal of the appropriate termination mix: 16 jiM dATP, 
16 ixM dCTP, 16 jiM dGTP, 16 ^iM dTTP and 1.6 jiM of one of the four ddNTPs, in 50 
mM NaCl). The reaction mixtures were incubated at room temperature for 5 min, and 37°C 
for 5 min. After the completion of extension, the beads were precipitated and the 
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mass spectra. A 14-mer primer (SEQ. ID. No. 29) was used for the solid-state sequencing. 
MALDI-TOF mass spectra of the four sequencing ladders are shown in Figure 34 and the 
expected theoretical values are shown in Table II. 



TABLE II 



1. 


5 1 -TCTGGCCTGGTGCAGGGCCTATTGTAGTTGTGACGTACA 


2. 


3 ' -TCAACACTGCATGT- 


-5 


3 . 


3 ' -ATCAACACTGCATGT- 


•5 


4 . 


3 ' - CATCAACACTGCATGT - 


■5 


5. 


3 1 - ACATCAACACTGCATGT - 


•5 


6. 


3 ' - AACATCAACACTGCATGT - 


■5 


7. 


3 ' - T AACATCAACACTGCATGT - 


•5 


8. 


3 ' -ATAACATCAACACTGCATGT- 


•5 


9. 


3 * -GATAACATCAACACTGCATGT- 


5 


10. 


.} . 3 ' -CSGATAACATCAACACTGCATGT- 


5 


11. 


3 ' -CGGATAACATCAACACTGCATGT- 


5 


12 . 


3 1 -CCGGATAACATCAACACTGCATGT- 


c 


lj . 


3 1 - C CCGGATAACATCAACACTGCATGT - 


5 


14 . 


3 ' - TCCCGGAT AACATCAACACTGCATGT - 


5 


15. 


3 ' -GTCCCGGATAACATCAACACTGCATGT- 


5 


16 . 


3 * - CGTCCCGGATAACATCAACACTGCATGT - 


5 


17. 


3 ' -ACGTC CCGGATAACATCAACACTGCATGT- 


5 ' 


IS . 


3 1 - CACGTCCCGGATAACATCAACACTGCATGT - 


5 ' 


19. 


3 • - C CACGTCCCGGATAACATCAACACTGCATGT - 


5 1 


20. 


3 • - AC CACGTCCCGGATAACATCAACACTGCATGT - 


5 ' 


21. 


3 • - GACCACGTCCCGGATAACATCAACACTGCATGT - 


5 ' 


22 . 


3 1 - GGAC CACGTCCCGGATAACATCAACACTGCATGT - 


S ' 


23 . 


3 * - CGGAC CAC GT C C CGGAT AACAT CAACACTGCATG T - 


5 ' 


24 . 


3 ' -CCGGACCACGTC CCGGATAACATCAACACTGCATGT - 


5 ' 


25 . 


3 ' -AC CGGAC CACGTCC CGGAT AACATCAACACTGCATGT- 


5 ■ 


26. 


3 • - GACCGGACCACGTCCCGGATAACATCAACACTGCATGT - 


5 * 


27. 


3 • - AG ACCGGAC CACGTCCCGGATAACATCAACACTGCATGT - 


5 ' 



- (A b ) n -3- 
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FICURE 28 
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ladder is shown in Table HI with theoretical mass values for each ladder component. All 
sequencing peaks were well resolved except the last component (theoretical value 20577 4) 
was indistinguishable from the background. Two neighboring sequencing peaks (a 62-mer 
and a 63-mer) were also separated indicating that such sequencing analysis could be 
applicable to longer templates. Again, an addition of an extra nucleotide by the Sequenase 
enzyme was observed in this spectrum. This addition is not template specific and appeared 
in all four reactions which makes it easy to be identified. Compared to the primer peak, the 
sequencing peaks were at much lower intensity in the long template case. Further 
optimization of the sequencing reaction may be required. 
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